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(57) A bias voltage generating circuit (21) includes 
a series circuit of a magneto-resistance element (Rref) 
and a MOS transistor (QN3). The MR ratio of the mag- 
neto-resistance element (Rref) in the series circuit is set 
to 1/2 the MR ratio of the magneto-resistance element 
in a memory cell. An adjusting resistor (r) has a resist- 
ance value 1/2 the interconnection resistance of a bit 
line. A bias voltage generating circuit (21) applies a bias 
voltage (Vbias) to a sense current source. When a con- 
stant current flows in the bias voltage generating circuit 
(21), the sense current source supplies a sense current 
equal to the constant current to a bit line. 
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Description 

[0001] The present invention relates to a magnetic 
random access memory (Magnetic RAM) and, more 
particularly, to a sense amplifier for amplifying the data 
in a memory cell. 

[0002] As researchers have recently found that an 
MTJ (Magnetic Tunnel Junction) has a high MR (Mag- 
neto-Resistive) ratio at room temperature, the imple- 
mentation of an MRAM to which a TMR (Tunneling Mag- 
neto-Resistive) effect is applied seems to be feasible. 
[0003] Before the application of the TMR effect to an 
MRAM, an MRAM to which a GMR (Giant Magneto-Re- 
sistance) effect is applied has been known. However, 
the MR ratio of an MRAM to which the GMR effect is 
applied is several % to about 10%. in addition, in the 
MRAM to which the GMR effect is applied, a current 
flows in a thin metal film having a low resistance, as a 
result, the signal level is as low as several m V. 
[0004] The MRAM to which the GMR effect is applied 
uses a technique of canceling out variations in charac- 
teristics among a plurality of magneto-resistance ele- 
ments (memory cells) to prevent a data read error due 
to a very low signal level. Conventionally, for example, 
a data read operation is performed twice with respect to 
a single memory cell to prevent the effect of variation in 
characteristics among magneto-resistance elements. It 
is therefore difficult to realize high-speed read operation 
in the MRAM to which the GMR effect is applied. 
[0005] When a memory cell is comprised of a magne- 
to-resistance element and a MOS transistor, if the ON 
resistance of the MOS transistor is not sufficiently low, 
data cannot be accurately read out due to variations in 
the characteristics of MOS transistors. 
[0006] In order to prevent such a phenomenon, the 
ON resistance of the MOS transistor must be decreased 
to a value almost equal to that of the GMR element. To 
decrease the ON resistance of the MOS transistor, how- 
ever, the MOS transistor needs to have a considerably 
large size. For this purpose, the size of the MOS tran- 
sistor must be considerably increased. That is, to accu- 
rately perform read operation, the size of the MOS tran- 
sistor serving as a transfer gate must be increased, re- 
sulting in an increase in memory cell size. This makes 
it difficult to realize a large memory capacity. 
[0007] As described above, serious problems are 
posed in a GMR and MRAM in realizing a high-speed 
memory operation and a large memory capacity. For this 
reason, the GMR and MRAM are used only under spe- 
cial environments, e.g., in space and nuclear reactor, 
owing to their characteristic feature, i.e., having excel- 
lent radiation tolerance, but are not generally used 
much. 

[0008] Consider an MRAM using the TMR effect 
again. The basic structure of a TMR element is the MTJ 
structure in which an insulating film is sandwiched be- 
tween two ferromagnetic layers. The TMR element 
changes in resistance depending on whether the mag- 



netization directions of the two ferromagnetic layers are 
parallel (in the same direction) or anti-parallel (in oppo- 
site directions). It is generally assumed that this change 
is based on the spin dependence of tunneling probabil- 
5 ity. 

[0009] Binary data is stored depending on whether 
the magnetization directions of the ferromagnetic layers 
of the TMR element are parallel or anti-parallel. In addi- 
tion, cell data are read out by using a change in the re- 
10 sistance of the TMR element which depends on the 
magnetization directions of the two ferromagnetic lay- 
ers. 

[0010] The MR ratio of an MRAM using the TMR effect 
is several ten %, and a resistance value for the TMR 

is element can be selected from a wide range of resistance 
values by changing the thickness of the insulating layer 
(tunnel insulating film) sandwiched between the two 
magnetic layers. In addition, in the MRAM using the 
TMR effect, the signal level in read operation may be- 

20 come equal to or more than the signal level in the DRAM. 
[001 1] In the MRAM using the TMR effect, a write op- 
eration is performed by changing the magnetization di- 
rection of the TMR element (making it parallel or anti- 
parallel) using the magnetic field generated by currents 

25 flowing in two lines (line word line and bit line) perpen- 
dicular to each other. 

[0012] More specifically, if the two ferromagnetic lay- 
ers are made to have different thicknesses to set a dif- 
ference between the coercive forces of the two magnetic 

30 layers, the relative directions of magnetization of the two 
ferromagnetic layers can be made parallel or anti-par- 
allel by arbitrarily reversing only the magnetization of the 
thinner magnetic layer (having lower coercive force). In 
addition, if a diamagnetic layer is added to one of the 

35 two ferromagnetic layers, and the magnetization direc- 
tion of the magnetic layer to which the diamagnetic layer 
is added is fixed by exchange coupling, the relative di- 
rections of magnetization of the two ferromagnetic lay- 
ers can be made parallel or anti-parallel by arbitrarily 

40 reversing only the magnetization of the magnetic layer 
to which the diamagnetic layer is not added. 
[0013] A magnetic layer has the following property. 
Assume that the magnetization of the magnetic layer is 
to be reversed by applying a magnetic field in a direction 

45 opposite to the magnetization direction of the magnetic 
layer. In this case, if a magnetic field is applied in ad- 
vance in a direction perpendicular to the magnetization 
direction, the magnitude of magnetic field (reversing 
magnetic field) required to reverse the magnetization of 

so the magnetic layer can be reduced. 

[0014] By using two lines perpendicular to each other 
and applying magnetic fields in two directions perpen- 
dicular to each other, only the magnetization of the 
memory cell at the intersection of the lines can be se- 

55 lectively reversed. 

[001 5] Several candidates for a memory cell arrange- 
ment using a TMR element are conceivable. For exam- 
ple, a memory cell having a combination of a TMR ele- 
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ment and a MOS transistor, like the one shown in FIG. 
1, and a memory cell having a combination of a TMR 
element and a diode, like the one shown in FIG. 2, are 
regarded as most promising candidates. Referring to 
FIGS. 1 and 2, a TMR element is shown as a resistive 5 
element. 

[001 6] To read out data from a TMR element (memory 
cell), a current must be supplied to the TMR element or 
a voltage must be applied to it to convert data (the mag- 
netization direction of the TMR element) into a current 10 
or voltage. 

[0017] If, for example, a constant current is supplied 
as a sense current to the TMR element (memory cell), 
the potential of the bit line connected to the TMR ele- 
ment changes depending on the data (magnetization di- 15 
rection) stored in the TMR element. That is, the resist- 
ance of the TMR element becomes higher when the 
magnetization direction is anti-parallel than when the 
magnetization direction is parallel. Therefore, the poten- 
tial of the bit line becomes higher when the magnetiza- 20 
tion direction is parallel than when the magnetization di- 
rection is anti-parallel. 

[0018] In the following description, assume that the 
high resistance state of the TMR element is the state in 
which "1" is stored in the memory cell, and the low re- 25 
sistance state of the TMR element is the state in which 
"0" is stored in the memory cell. 

[0019] The prior MRAM usually comprises 2-transis- 
tors and 2-MTJ cells (2-Tr+2-MTJ). In this case, 1-bit 
data is stored in two memory cells. To store 1-bit data, 30 
a memory cell to store the data and a memory cell to 
store data having an inverted value of the value of the 
stored data, i.e., a total of two memory cells, are re- 
quired. In addition, since complementary data are 
stored in the two memory cells, a read signal can be 35 
automatically detected by the differential sense 
scheme. In addition, the signal level becomes twice that 
in a case wherein data is stored in only one memory cell. 
[0020] In data read operation, the potential of the bit 
line is changed in accordance with the data stored in the *o 
memory cell, and this potential change must be ampli- 
fied. A change in the potential of the bit line may be de- 
tected as follows. For example, two bit lines may be pre- 
pared. The data in the memory cell is then read out to 
one bit line, and inverted data of the data in the memory 45 
cell may be read out to the other bit line. 
[0021] Furthermore, as two memory cells in which 
complementary data are stored are arranged close to 
each other, even variations in characteristics among 
memory cells (TRM elements) raise no serial problem, so 
For this reason, in the development of current MRAMs, 
the scheme of storing 1-bit data as complementary data 
in two memory cells is often used. 
[0022] In the scheme of storing 1-bit data using two 
memory cells, however, the memory cell area per bit be- 55 
comes twice as large as that in the scheme of storing 
1-bit data in one memory cell. That is, the scheme of 
storing 1-bit data by using two memory cells is not suit- 



able for the implementation of large memory capacity. 
[0023] In commercialization, therefore, there are 
strong demands for a memory with specifications stating 
that 1-bit data is stored in one memory cell comprised 
of one magneto-resistance element and one switch el- 
ement upon attaining an increase in signal level by de- 
veloping a material for magnetic layers. 
[0024] In order to store 1-bit data in one memory cell 
constituted by one magneto-resistance element and 
one switch element and accurately read out data from 
this one memory celt, a special read circuit is required. 
Currently, however, such read circuits have not be fully 
studied, sophisticated, and converged unlike DRAMs. 
[0025] In the case of MRAMs, in particular, a refer- 
ence potential in sense operation cannot be automati- 
cally generated. 

[0026] As the simplest technique of generating a ref- 
erence potential, a technique of using a fixed potential 
as a reference potential is available. In this case, how- 
ever, the potential difference between a read potential 
("0" or "1") and a reference potential varies due to the 
timing at which sensing starts. As a consequence, data 
cannot be correctly sensed in a wide range of operation 
conditions. 

[0027] A magnetic random access memory according 
to an aspect of the present invention comprises a mem- 
ory cell having a magneto-resistance element which is 
constituted by a plurality of magnetic layers isolated 
from each other by an insulating layer and from which 
two resistance values corresponding to the magnetiza- 
tion states of the plurality of magnetic layers can be ob- 
tained, a bit line connected to the memory cell, a sense 
current source for supplying a sense current to the bit 
line and the memory cell, a sense amplifier for compar- 
ing the potential of the bit line with a reference potential 
when a sense current flows in the bit line and the mem- 
ory cell, and detecting data in the memory cell, and a 
bias voltage generating circuit having a reference cell 
for generating a reference potential. The reference cell 
has a resistance value intermediate between the two re- 
sistance values of the magneto-resistance element. 
[0028] This summary of the invention does not nec- 
essarily describe all necessary features so that the in- 
vention may also be a sub-combination of these de- 
scribed features. 

[0029] The invention can be more fully understood 
from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a circuit diagram showing an example of 

the memory cell array of an MRAM; 

FIG. 2 is a circuit diagram showing another example 

of the memory cell array of an MRAM; 

FIG. 3 is a circuit diagram showing the main part of 

an MRAM according to the first example of the first 

embodiment; 

FIG. 4 is a view showing a reference cell in a bias 
voltage generating circuit; 
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FIG. 5 is a circuit diagram showing an example of 
the bias voltage generating circuit; 
FIG. 6 is a circuit diagram showing an example of 
a sense amplifier; 

FIG. 7 is a timing chart showing the sense operation 
of the MRAM having the elements shown in FIGS. 
3 to 6; 

FIG. 8 is a circuit diagram showing the sense am- 
plifier of the MRAM according to the first example 
of the first embodiment; 

FIG. 9 is a timing chart showing the sense operation 
of the MRAM having the elements shown in FIGS. 
3 to 5 and 8; 

FIG. 10 is a circuit diagram showing the main part 
of the MRAM according to the first example of the 
first embodiment; 

FIG. 11 is a circuit diagram showing an example of 
the bias voltage generating circuit; 
FIG. 12 is a timing chart showing the sense opera- 
tion of the MRAM having the elements shown in 
FIGS. 4, 6,10, and 11; 

FIG. 13 is a circuit diagram showing the main part 
of an MRAM according to the first example of the 
second embodiment; 

FIG. 14 is a circuit diagram showing an example of 
a bias voltage generating circuit; 
FIG. 15 is a circuit diagram showing an example of 
a sense amplifier; 

FIG. 16 is a timing chart showing the sense opera- 
tion of the MRAM having the elements shown in 
FIGS. 13 to 15; 

FIG. 17 is a circuit diagram showing the main part 
of the MRAM according to the first example of the 
second embodiment; 

FIG. 18 is a circuit diagram showing an example of 
a bias voltage generating circuit; 
FIG. 19 is a circuit diagram showing an example of 
a sense amplifier; 

FIG. 20 is a timing chart showing the sense opera- 
tion of the MRAM having the elements shown in 
FIGS. 17 to 19; 

FIG. 21 is a circuit diagram showing the main part 
according to the first external l/F of the second em- 
bodiment; 

FIG. 22 is a circuit diagram showing an example of 
a bias voltage generating circuit; and 
FIGS. 23 is a timing chart showing the sense oper- 
ation of the MRAM including the elements shown in 
FIGS. 21 to 22. 

[0030] A magnetic random access memory according 
to an aspect of the present invention will be described 
below with reference to the views of the accompanying 
drawing. 

(1) First Embodiment 

[0031] In a magnetic random access memory accord- 



ing to the first embodiment of the present invention, a 
reference cell having an MR ratio 1/2 that of a memory 
cell is formed by using a plurality of magneto-resistive 
elements. That is, the potential generated by a refer- 

5 ence cell when a constant current is supplied to the ref- 
erence cell is set as a predetermined constant potential. 
[0032] In precharge operation, a potential equal to the 
constant potential generated by this reference cell is ap- 
plied as a precharge potential to a bit line, in sense op- 

10 eration, a constant current is supplied to the reference 
cell, and a constant current is also supplied to the bit 
line (memory cell) by using a current mirror circuit. 
[0033] If, for example, the data stored in the memory 
cell is "0 M at this time, the potential of the bit line drops 

15 from the precharge potential. If the data stored in the 
memory cell is "1", the potential of the bit line rises from 
the precharge potential. A change in the potential of this 
bit line is also sensed by a sense amplifier. 
[0034] As described above, the magnetic random ac- 

20 cess memory according to the first embodiment of the 
present invention can perform read operation. 
[0035] An example of the magnetic random access 
memory according to the first embodiment of the 
present invention will be described below. 

25 

[First Example] 

[0036] FIG. 3 shows the main part of a magnetic ran- 
dom access memory according to the first example of 
30 the present invention. 

[0037] A memory cell MC is comprised of one mag- 
neto-resistive element 11 and one MOS transistor 12. 
Write word lines WWL1, WWL2 f ... and read word lines 
RWL1 , RWL2,... extend in the row direction, and bit lines 
35 BL1 , bBL1 , BL2, bBL2,... extend in the column direction. 
[0038] The write word lines WWL1 , WWL2,... have no 
nodes on the memory cell array and are arranged to run 
near the magneto-resistive elements 11 . That is, in write 
operation, the magnetization directions (parallel, anti- 
40 parallel) of the magneto-resistive elements 11 are 
changed by using the magnetic fields generated by cur- 
rents flowing in the write word lines WWL1, WWL2,... 
and bit lines BL1, bBL1, BL2, bBL2,.... 
[0039] The read word lines RWL1 , RWL2,... are con- 
45 nected to the gates of the MOS transistors 12 as ele- 
ments of memory cells MC. In read operation, the MOS 
transistor 12 of the selected memory cell MC is turned 
on to supply a constant current to the magneto-resistive 
element 11 of the selected memory cell MC, and the pe- 
so tentials of the bit lines BL1, bBL1, BL2, bBL2,... are 
changed in accordance with the state of the magneto- 
resistive element 11. 

[0040] Only one sense amplifier (S/A) 24 is provided 
for a pair of bit lines BLi and bBLi (i = 1. 2,...). 
55 [0041] In this example, the sense amplifier 24 is 
based on the differential sense scheme of supplying a 
constant current Is to the memory cell MC and detecting 
the potential difference produced between the pair of bit 
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lines BLi and bBLL In addition, the memory cell array 
uses the folded bit line scheme. 

[0042] The memory cell array arrangement shown in 
FIG. 3 is an example. Obviously, the present invention 
can be applied to magnetic random access memories 5 
having other memory cell array arrangements. 
[0043] The sense amplifier 24 compares the potential 
of one of the pair of bit lines BLi and bBLi to which the 
selected memory cell MC is connected with the potential 
of the other of the pair of bit lines BLi and bBLi (reference 10 
potential Vref), and amplifies the difference; 
[0044] In this case, in order to equalize sense margins 
between w 0 w -read operation and "V-read operation, the 
reference potential Vref is preferably set to an interme- 
diate value (V0 + V1 )/2 between a potential V0 of the bit 15 
line in "OVead operation and a potential V1 of the bit 
line in "T-read operation. 

[0045] If the magneto-resistive element 11 of the 
memory cell MC is a TMR element, a magnetic resist- 
ance change ratio MR of the TMR element is defined as 20 

MR = ( Ra - Rp ) / Rp 

where Ra is the resistance of the TMR element when 
the magnetization states of the magnetic layers are anti- 
parallel, and Rp is the resistance of the TMR element 
when the magnetization states of the magnetic layers 
are parallel. 

[0046] If equation (1) is modified and Rp = R, 

Ra = R ( 1 + MR ) (2) 

[0047] If a reference cell having an MR ratio 1/2 that 
of a memory cell can be generated, the reference po- 
tential Vref = (V0 + V1 )/2 can be obtained by supplying 
the constant current Is to the reference cell. 
[0048] An example of the arrangement of the refer- 
ence cell will be described with reference to FIG. 4. 40 
[0049] Referring to FIG. 4, the magnetization direc- 
tions of the respective magnetic layers are indicated by 
the arrows to allow quick understanding of the magnet- 
ization states of the respective magneto-resistance el- 
ements. 45 
[0050] A reference cell is comprised of four TMR ele- 
ments. Each TMR element has the same structure as 
that of a TMR element as an element of the memory cell 
MC. 

[0051] Two TMR elements having parallel (same) 50 
magnetization directions ("0" state) are connected in 
parallel with each other, and two TMR elements having 
anti-parallel (opposite) magnetization directions ( n 1 n 
state) are connected in parallel with each other. In ad- 
dition, two TMR elements in the "0" state and two TMR 55 
elements in the "1" state are connected in series. With 
this operation, the resistance value of the reference cell 
becomes R(1 + MR/2). 



[0052] In this example, when the constant current Is 
is supplied to the reference cell, the potential generated 
by the reference cell becomes Vref. This reference po- 
tential Vref is determined to output a signal with a max- 
imum level within a reliability range in consideration of 
the breakdown voltage of the TMR element, the bias de- 
pendence of the magnetic resistance change ratio MR, 
the resistance of the MOS transistor, and the like. 
[0053] In read operation, a read word line enable sig- 
nal RWLEN is set at "H" level. At this time, an N-channel 
MOS transistor QN4 is turned on, and an NMOS tran- 
sistor QN5 is turned off. 

[0054] If, for example, a least significant bit RAO of a 
row address signal is set at "H" level, and bRAO is set 
at "L" level, an output signal Vbias from a bias voltage 
generating circuit 21 is transferred to the gate of a P- 
channel MOS transistor bQP2. 

[0055] In this case, therefore, the sense current Is 
flows in the bit lines bBL1, bBL2,..., and the potentials 
of the bit lines bBL1 , bBL2,... change in accordance with 
the data in the selected memory cell MC. The bit lines 
BL1, BL2,... are kept at the precharge potential Vref. 
[0056] If, for example, the least significant bit RAO of 
the row address signal is set at "L" level, arid bRAO is 
set at "H" level, the output signal Vbias from the bias 
voltage generating circuit 21 is transferred to the gate 
of the P-channel MOS transistor QP2. 
[0057] In this case, therefore, the sense current Is 
flows in the bit lines BL1, BL2,..., and the potentials of 
the bit lines BL1, BL2,... change in accordance with the 
data in the selected memory cell MC. in addition, the bit 
lines bBL1, bBL2,... are kept at the precharge potential 
Vref. 

[0058] FIG. 5 shows an example of a bias voltage 
generating circuit using the reference cell in FIG. 4. 
[0059] As shown in FIG. 4, a magneto-resistance el- 
ement Rref is comprised of four magneto-resistance el- 
ements and is set such that the magnetic resistance 
change ratio becomes MR/2. The size of a P-channel 
MOS transistor QP1 having a gate to which the output 
signal Vbias from a differential amplifier 25 is input is 
substantially equal to that of the P-channel MOS tran- 
sistors QP2 and bQP2 of a sense current source 22 and 
the N-channel MOS transistor 1 2 of the memory cell MC. 
[0060] The P-channel MOS transistor QP1 in the bias 
voltage generating circuit and the P-channel MOS tran- 
sistors QP2 and bQP2 of the sense current source 22 
constitute a current mirror circuit. 
[0061] In read operation, the sense current Is flows in 
the magneto-resistance element Rref and also flows in 

one of the pair of bit lines BLi and bBLi (i = 1, 2 ) At 

this time, since interconnection resistances exist in the 
bit lines BLi and bBLi, the potentials of the bit lines drop. 
As a consequence, the potential differences among 
sense amplifier nodes N1 , bN1 , N2 ? bN2, ... change de- 
pending on the position of the selected memory cell MC. 
[0062] If, for example, access is made to the memory 
cell MC nearest to the sense amplifier (S/A) 24, the in- 
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fluences of the interconnection resistances of the bit 
lines BLi and bBLi are minimized. If access is made to 
the memory cell MC located farthest from the sense am- 
plifier (S/A) 24, the influences of the interconnection re- 
sistances of the bit lines BLi and bBLi are maximized. 
[0063] The position of a selected memory cell, i.e., the 
potential differences among the sense amplifier nodes 
N1, bN1, N2, bN2,... due to the interconnection resist- 
ances of the bit lines BLi and bBLi become noise in sens- 
ing the data in the memory cell MC. 
[0064] In order to reduce noise in such sense opera- 
tion, according to the present invention, as shown in 
FIG. 5, an adjusting resistor r having a resistance value 
1/2 that of the interconnection resistance of the bit lines 
BLi and bBLi is connected between the P-channel MOS 
transistor QP1 and the magneto-resistance element 
Rref. The simplest method of forming the adjusting re- 
sistor r, is to form an interconnection having a cross- 
sectional area equal to each of the bit lines BLi and bBLi 
and a length 1/2 that thereof by using the same inter- 
connection layer as that for each of the bit lines BLi and 
bBLi. 

[0065] If no row access is made, i.e., the read word 
lines RWL1 , RWL2,... are not selected, and a current is 
supplied to the bias current generating circuit, the cur- 
rent is wasted. This interferes with a reduction in current 
consumption. 

[0066] For this reason, a bias enable signal BIASEN 
is set at "H" level (e.g., a potential equal to the potential 
to be applied to the selected read word line) only for a 
period during which row access is made, and is set at 
"L" level (e.g., the ground potential) for other periods. 
[0067] With this operation, an N-channel MOS tran- 
sistor QN3 is kept on for only a period during which row 
access is made. This makes it possible to prevent a cur- 
rent from being wasted in the bias generating circuit, 
contributing to a reduction in current consumption. 
[0068] FIG. 6 shows an example of the sense ampli- 
fier in FIG. 3. 

[0069] Like a sense amplifier often used for a DRAM, 
the sense amplifier 24 in this example is activated by 
precharging control signals SAP and SAN to Vdd/2 in 
advance and then setting the control signal SAP at Vdd 
(internal power supply potential) and the control signal 
SAN at Vss (ground potential). 

[0070] The sense amplifier 24 senses and amplifies 
the potential difference between the bit lines BLi and bB- 
Li. That is, the data in the selected memory cell MC is 
sensed by the sense amplifier 24 first, and then trans- 
ferred to a pair of data lines (a pair of DQ lines) DQ and 
bDQ. 

[0071] Note that selection of a column, i.e., electric 
connection between the sense amplifier 24 and the pair 
of data lines DQ and bDQ is performed by ON/OFF-con- 
trolling a column select switch 28 using a column select 
signal CSL. 

[0072] Sense operation in read operation in the mag- 
netic random access memory shown in FIGS. 3 to 6 will 



be described next with reference to the timing chart of 
FIG. 7. 

[0073] For the sake of simplicity, assume that in the 
following description, the read word line RWL1 is select- 
5 ed, and the data in the memory cell MC is read out to 
the bit line BL1. 

[0074] First of all, the bit lines BLi and bBLi are pre- 
charged before the sense operation. In a precharge op- 
eration, the precharge signal PC is set at n L n level (e.g., 

10 the ground potential), and hence all the pairs of bit lines 
BLi and bBLi are precharged to Vref. 
[0075] When the precharge signal PC is set at "H" lev- 
el (e.g., the internal power supply potential) afterward, 
the precharged states of the pair of bit lines BLi and bBLi 

15 are canceled. 

[0076] When the read word line enable signal RWLEN 
is set at "H" level, the read word line RWL1 is set at "H" 
level by the read word line driver. At the same time, the 
N-channel MOS transistor QN4 in FIG. 3 is turned on. 

20 As a consequence, the bias potential Vbias output from 
the bias voltage generating circuit 21 is transferred to 
the P-channel MOS transistor QP2 or P-channel MOS 
transistor bQP2. 

[0077] That is, the sense current Is flows in the bit 
25 lines BL1 , BL2,.. to which the memory cell MC selected 
by the least significant bit RAO of the row address signal 
and its complementary signal bRAO is connected. 
[0078] More specifically, if the least significant bit RAO 
of the row address signal is "0 (= L)", for example, the 
30 read word line RWL1 is set at "H" level, and the P-chan- 
nel MOS transistor QP2 is turn on. As a result, the sense 
current Is flows in the bit lines BL1, BL2,... owing to a 
current mirror. 

[0079] If the least significant bit RAO of the row ad- 
35 dress signal "1 (= H)", for example, the read word line 
RWL2 is set at "H" level, and the P-channel MOS tran- 
sistor bQP2 is turn on. As a result, the sense current Is 
flows in the bit lines bBL1, bBL2,... owing to a current 
mirror. 

40 [0080] If the data stored in the selected memory cell 
MC is "0", the potential of the bit line BL1 drops from the 
precharge potential Vref. If the data stored in the select- 
ed memory cell MC is "1", the potential of the bit line 
BL1 rises from the precharge potential Vref. 

45 [0081] On the other hand, since the least significant 
bit RAO of the row address signal is "0 (= L)", the P- 
channel MOS transistor bQP2 is in the OFF state, and 
the sense current Is does not flow in the bit lines bBL1, 
bBL2 Therefore, the bit lines bBL1 , bB1 2,... to which 

so the selected memory cell is not connected are in the 
floating state and kept at the precharge potential Vref. 
[0082] Thereafter, the sense amplifier 24 is activated 
to sense the potential difference between the pair of bit 
lines BL1 and bBL1. 

55 [0083] in a sense operation, a change in the potential 
of the bit line BL1 with time remains the same regardless 
of whether the potential of the bit line BL1 rises or drops. 
Therefore, the potential difference produced between 
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the pair of bit lines BL1 and bBL1 in "O'-read operation 
does not differfrom that in "1"-read operation regardless 
of the timing at which the sense amplifier 24 is operated. 
[0084] In this example, the potentials of the pair of bit 
lines BL1 and bBL1 are input to the gates of N-channel 5 
MOS transistors QN6 and QN7 in the sense amplifier 
24. That is, the potential difference between the pair of 
bit lines BL1 and bBL1 appears as the current driving 
capability difference between the N-channel MOS tran- 
sistors QN6 and QN7 in the sense amplifier 24. 
[0085] If, therefore, the sense amplifier activation sig- 
nal SAP is set at Vdd from Vdd/2, and the sense ampli- 
fier activation signal SAN is set at Vss from Vdd/2, the 
sense amplifier 24 is activated to latch the data from the 
memory cell MC. 

[0086] More specifically, in "0"-read operation, an out- 
put node SAi of the sense amplifier 24 is set at Vss (= 
gnd), and an output node bSA1 of the sense amplifier 
24 is set at Vdd. In "1"-read operation, the output node 
SA1 of the sense amplifier 24 is set at Vdd, and the out- 
put node bSA1 of the sense amplifier 24 is set at Vss. 
[0087] After this operation, the column select signal 
CSL is set at "H" level to transfer the data latched by the 
sense amplifier 24 to an output circuit through the pair 
of data lines (the pair of DQ lines) DQ and bDQ. 
[0088] In the above sense operation, a restore oper- 
ation like that performed in a DRAM is not performed for 
the following reason. Since a magnetic random access 
memory (MRAM) is capable of a nondestructive data 
read, the data need not be rewritten in the memory celt. 
Therefore, the potentials of the pair of bit lines BL1 and 
bBL1 need not to go full swing for data restore operation. 
[0089] In addition, since the potentials of the pair of 
bit lines BL1 and bBL1 need not go full swing after data 
sensing, the amount of charge required for charging/dis- 
charging of the pair of bit lines BL1 and bBL1 decreases, 
contributing to a reduction in power consumption. In ad- 
dition, since this can prevent a high voltage from being 
applied to a magneto-resistance element (TMR ele- 
ment), the reliability of the magneto-resistance element 
can be improved. 

[0090] Furthermore, since no restore operation is re- 
quired, after the data in the memory cell MC is sufficient- 
ly output to the bit line BL1 , the selected read word line 
RWL1 can be quickly dropped from "H w level to "L" level. 
That is, since the potential level of the read word line 
RWL1 need not be raised for data restore operation, the 
potential level of the read word line RWL1 can be low- 
ered to stop the sense current Is flowing in the bit line 
BL1 immediately after the data is output to the bit line 
BL1 . This makes it possible to eliminate the waste of 
power and attain a reduction in power consumption. 
[0091] After the data in the memory cell MC is latched 
by the sense amplifier 24, all the pairs of bit lines BLi 
and bBLi can be quickly precharged for the next read 
cycle, thus realizing high-speed read operation. 
[0092] As described above, in magnetic random ac- 
cess memory (MRAM), since a nondestructive read op- 



eration is performed, no restore operation is required, 
and the potentials of a pair of bit lines need not go full 
swing. The bit lines and the sense amplifiers can be pre- 
charged independently. Therefore, as for a read opera- 
tion, the magnetic random access memory can realize 
high-speed random access with low power consumption 
as compared with the DRAM. 

[Second Example] 

[0093] A magnetic random access memory (MRAM) 
according to this example is characterized in the ar- 
rangement of each sense amplifier. That is, the magnet- 
ic random access memory according to this example dif- 
fers from the magnetic random access memory accord- 
ing to the first example described above only in the ar- 
rangement of each sense amplifier, but other arrange- 
ments of the second example are completely the same 
as those of the first example. 

[0094] Only the arrangement of each sense amplifier 
according to this example will therefore be described be- 
low. 

[0095J FIG. 8 shows a sense amplifier of the magnetic 
random access memory according to the second exam- 
ple of the present invention. 

[0096] This sense amplifier is a flip-flop sense ampli- 
fier used in a general DRAM. 

[0097] N-channel MOS transistors QN8 and QN9 
serving as isolate gates are connected between a pair 
of bit lines BLi and bBLi and a flop-flop circuit. After the 
potentials of the pair of bit lines BLi and bBLi are fed to 
nodes SA1 and bSA1 of the flip-flop circuit, the isolate 
gates are turned off. A sense amplifier 24 is then acti- 
vated while the pair of bit lines BLi and bBLi are isolated 
from the flip-flop circuit. 

[0098] The sense operation of the magnetic random 
access memory according to the second example of the 
present invention will be described next with reference 
to the timing chart of FIG. 9. 

[0099] Assume that the arrangement of the main part 
of the magnetic random access memory is the same as 
that of the magnetic random access memory according 
to the first example (see FIGS. 3, 4, and 5) except for 
the sense amplifiers. For the sake of simplicity, assume 
that a read word line RWL1 is selected, and the data in 
a memory cell MC is read out to a bit line BL1. 
[0100] First of all, a pair of bit lines BLi and bBLi are 
precharged before sense operation. In precharge oper- 
ation, since a precharge signal PC is set at "L" level (e. 
g. f the ground potential), all the pairs of bit lines BLi and 
bBLi are precharged to Vref. 

[01 01] At this time, since a control signal ISO is set at 
"IT level (e.g., an internal power supply potential Vdd), 
the sense amplifier nodes SA1 and bSA1 are also pre- 
charged to Vref. In addition, sense amplifier activation 
signals SAP and SAN are set at Vref. 
[01 02] When the precharge signal PC is set at "H" lev- 
el (e.g., the internal power supply potential) afterward, 
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the precharged states of the pair of bit lines BLi and bBLi 
are canceled. 

[01 03] When the read word line enable signal RWLEN 
is set at "H" level, the read word line RWL1 is set at "H" 
level by the read word line driver. At the same time, since 5 
an N-channel MOS transistor QN4 in FIG. 3 is turned 
on, a bias potential Vbias output from the bias voltage 
generating circuit 21 is transferred to a P-channel MOS 
transistor QP2 or P-channel MOS transistor bQP2. 
[01 04] That is, a sense current Is flows in bit lines BL1 , 
BL2,... to which the memory cell MC selected by a least 
significant bit RAO of a row address signal and its com- 
plementary signal bRAO is connected. 
[01 05] More specifically, if the least significant bit RAO 
of the row address signal is at "0 (= !_)", for example, the 
read word line RWL1 is set at H H n level, and the P-chan- 
ne! MOS transistor QP2 is turned on. As a consequence, 
the sense current Is flows in the bit lines BL1, BL2,... 
owing to a current mirror. 

[0106] If the least significant bit RAO of the row ad- 
dress signal is "1 (= H)", for example, a read word line 
RWL2 is set at "H" level, and the P-channel MOS tran- 
sistor bQP2 is turned on. Consequently, the sense cur- 
rent Is flows in the bit lines bBL1, bBL2,... owing to a 
current mirror. 

[0107] As a consequence, if the data stored in the se- 
lected memory cell MC is "0", the potential of the bit line 
BL1 drops from the precharge potential Vref. If the data 
stored in the selected memory ceil MC is "1", the poten- 
tial of the bit line BL1 rises from the precharge potential 
Vref. 

[0108] On the other hand, since the least significant 
bit RAO of the row address signal is "0 (= L) n , the P- 
channel MOS transistor bQP2 is in the OFF state, and 
the sense current Is does not flow in bit lines bBL1, 
bBL2,.... The bit lines bBL1 , bBL2,... to which the select- 
ed memory eel! is not connected are in the floating state 
and kept at the precharge potential Vref. 
[0109] Thereafter, the sense amplifier 24 is activated 
to sense the potential difference between the pair of bit 
lines BL1 and bBLi. 

[01 10] In a sense operation, a change in the potential 
of the bit line BL1 with time remains the same regardless 
of whether the potential of the bit line BL1 rises or drops. 
Therefore, the potential difference produced between 
the pair of bit lines BL1 and bBL1 in w 0"-read operation 
does not differ from that in "1"-read operation regardless 
of the timing at which the sense amplifier 24 is operated. 
[0111] In this example, the pair of bit lines BLi and bB- 
Li are connected to the nodes (sense amplifier nodes) 
SA1 and bSA1 of the flip-flop circuit through the N-chan- 
nel MOS transistors QN8 and QN9 serving as isolate 
gates. 

[0112] In a sense operation, when data is sufficiently 
output from a memory cell to the pair of bit lines BLi and 
bBLi, and the small potential difference between the pair 
of bit lines BLi and bBLi is transferred to the sense am- 
plifier nodes SA1 and bSA1, the control signal ISO is 



set at "L w level (e.g., the ground potential). As a conse- 
quence, the N-channel MOS transistors QN8 and QN9 
serving as isolate gates are turned off, and the pair of 
bit lines BLi and bBLi and flip-flop circuit are electrically 
isolated from each other. 

[0113] Subsequently, the sense amplifier activation 
signal SAP is set at Vdd from Vref, and the sense am- 
plifier activation signal SAN is set at Vss from Vref. With 
this operation, the sense amplifier 24 is activated, and 
the data in the memory cell MC is latched by the sense 
amplifier 24. 

[0114] More specifically, in w 0 w -read operation, the 
output node SA1 of the sense amplifier 24 is set at Vss 
(= gnd), and the output node b5A1 of the sense amplifier 
24 is set at Vdd. In "1"-read operation, the output node 
SA1 of the sense amplifier 24 is set at Vdd, and the out- 
put node bSA1 of the sense amplifier 24 is set at Vss. 
[01 15] In this case, in amplifying the data, the sense 
amplifier (flip-flop circuit) is electrically isolated from the 
pair of bit lines BLi and bBLi. That is, since the parasitic 
capacitances produced in the pair of bit lines BLi and 
bBLi are not connected to the sense amplifier nodes 
SA1 and bSA1 , the data can be amplified at high speed. 
[0116] Subsequently, a column select signal CSL is 
set at "H" level to transfer the data latched by the sense 
amplifier 24 to an output circuit through a pair of data 
lines (a pair of DQ lines) DQ and bDQ. 
[0117] Since the magnetic random access memory 
(MRAM) is capable of nondestructive data read opera- 
tion, no data restore operation is required in the above 
sense operation as in the first example. That is, the po- 
tentials of the pair of bit lines BLi and bBLi need not go 
full swing for data restore operation. 
[0118] In addition, since the potentials of the pair of 
bit lines BL1 and bBL1 need not go full swing after data 
sensing, the amount of charge required for charging/dis- 
charging of the pairof bit lines BL1 and bBL1 decreases, 
contributing to a reduction in power consumption. In ad- 
dition, since this can prevent a high voltage from being 
applied to a magneto-resistance element (TMR ele- 
ment), the reliability of the magneto-resistance element 
can be improved. 

[01 19] Furthermore, since no restore operation is re- 
quired, after the data in the memory cell MC is sufficient- 
ly output to the bit line BL1, the selected read word line 
RWL1 can be quickly dropped from "H" level to "L" level. 
That is, since the potential level of the read word line 
RWL1 need not be raised for data restore operation, the 
potential level of the read word line RWL1 can be low- 
ered to stop the sense current Is flowing in the bit line 
BL1 immediately after the data is output to the bit line 
BL1. This makes it possible to eliminate the waste of 
power and attain a reduction in power consumption. 
[01 20] After the data in the memory cell MC is latched 
by the sense amplifier 24, all the pairs of bit lines BLi 
and bBLi can be quickly precharged for the next read 
cycle, thus realizing high-speed read operation. 
[01 21] As described above, in a magnetic random ac- 
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cess memory (MRAM), since a nondestructive read op- 
eration is performed, no restore operation is required, 
and the potentials of a pair of bit lines need not go full 
swing. The bit lines and the sense amplifiers can be pre- 
charged independently. Therefore, as for a read opera- 
tion, the magnetic random access memory can realize 
high-speed random access with low power consumption 
as compared with the DRAM. 

[0122] Note that in this example, the control signal 
ISO for ON/OFF-controlling each isolate gate is re- 
quired, unlike the first example. As described above, al- 
though the control signal ISO is additionally used in this 
example, the influence of variations in the characteris- 
tics of transistors having gates for receiving the poten- 
tials of the pair of bit lines BLi and bBLi can be eliminat- 
ed. 

[Third Example] 

[0123] A magnetic random access memory (MRAM) 
according to this example is characterized in that a 
- memory cell is comprised of a magneto-resistance ele- 
ment (e.g., a TMR element) and a diode. The magnetic 
random access memory according to this example will 
be described in detail below. 

[0124] FIG. 10 shows the main part of the magnetic 
random access memory according to the third example. 
[0125] A memory cell MC is comprised of one mag- 
neto-resistive element 11 and one diode 13. Write word 
lines WWL1, WWL2,... and read word lines RWL1, 
RWL2,... extend in the row direction, and bit lines BL1, 
bBL1, BL2, bBL2,... extend in the column direction. 
[0126] The write word lines WWL1 , WWL2,... have no 
nodes on the memory cell array and are arranged to run 
near the magneto-resistive elements 11 . That is, in write 
operation, the magnetization directions (parallel, anti- 
parallel) of the magneto-resistive elements 11 are 
changed by using the magnetic fields generated by cur- 
rents flowing in the write word lines WWL1, WWL2,... 

and bit lines BL1 , bBL1 , BL2, bBL2 

[0127] The read word lines RWL1, RWL2,... are con- 
nected to the gates of the MOS transistors 12 as ele- 
ments of memory cells MC. In a read operation, the 
MOS transistor 12 of the selected memory cell MC is 
turned on to supply a constant current to the magneto- 
resistive element 11 of the selected memory cell MC, 
and the potentials of the bit lines BL1, bBL1, BL2, 
bBL2,... are changed in accordance with the state of the 
magneto-resistive element 11. 

[0128] Only one sense amplifier (S/A) 24 is provided 
for a pair of bit lines BLi and bBLi (1=1, 2,...). 
[0129] In this example, the sense amplifier 24 is 
based on the differential sense scheme of supplying a 
constant current Is to the memory cell MC and detecting 
the potential difference produced between the pair of bit 
lines BLi and bBLi. In addition, the memory cell array 
uses the folded bit line scheme. 

[0130] The memory cell array arrangement shown in 



FIG. 10 is an example. Obviously, the present invention 
can be applied to magnetic random access memories 
having other memory cell array arrangements. 
[01 31] The sense amplifier 24 compares the potential 

5 of one of the pair of bit lines BLi and bBLi to which the 
selected memory cell MC is connected with the potential 
of the other of the pair of bit lines BLi and bBLi (reference 
potential Vref), and amplifies the difference. * 
[01 32] In this case, in order to equalize sense margins 

10 between n 0"-read operation and "1"-read operation, the 
reference potential Vref is preferably set to an interme- 
diate value (V0 + V1)/2 between a potential V0 of the bit 
line in "0"-read operation and a potential V1 of the bit 
line in "1"-read operation. 

15 [0133] Note that a reference cell can be formed by 
four TMR elements like those shown in FIG. 4 as in the 
first example. 

[0134] In this example as well, when the constant cur- 
rent Is is supplied to the reference cell, the potential gen- 

20 erated by the reference cell becomes Vref. This refer- 
ence potential Vref is determined to output a signal with 
a maximum level within a reliability range in considera- 
tion of the breakdown voltage of the TMR element, the 
bias dependence of the magnetic resistance change ra- 

25 tio MR, the resistance of the MOS transistor, and the 
like. • 

[0135] In a read operation, a read word line enable 
signal RWLEN is set at "H" level. At this time, an N-chan- 
nei MOS transistor QN4 is turned on, and an NMOS 

30 transistor QN5 is turned off. 

[0136] If, for example, a least significant bit RAO of a 
row address signal is set at "H" level, and bRAO is set 
at "L n level, an output signal Vbias from a bias voltage 
generating circuit 21 is transferred to the gate of a P- 

35 channel MOS transistor bQP2. 

[0137] In this case, therefore, the sense current Is 
flows in the bit lines bBL1, bBL2,..., and the potentials 
of the bit lines bBL1 , bB1 2,... change in accordance with 
the data in the selected memory cell MC. The bit lines 

40 BL1, BL2,... are kept at the precharge potential Vref. 
[0138] If, for example, the least significant bit RAO of 
the row address signal is set at "L" level, and bRAO is 
set at "H" level, the output signal Vbias from the bias 
voltage generating circuit 21 is transferred to the gate 

45 of the P-channel MOS transistor QP2. 

[0139] In this case, therefore, the sense current Is 

flows in the bit lines BL1, BL2 and the potentials of 

the bit lines BL1 , BL2,... change in accordance with the 
data in the selected memory ceW MC. In addition, the bit 

50 lines bBL1 , bBL2,... are kept at the precharge potential 
Vref. 

[0140] FIG. .11 shows an example of a bias voltage 
generating circuit in FIG. 10. 

[0141] As shown in FIG. 4, a magneto-resistance el- 
55 ement Rref is comprised of four magneto-resistance el- 
ements and is set such that the magnetic resistance 
change ratio becomes MR/2. The size of a P-channel 
MOS transistor QP1 having a gate to which the output 
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signal Vbias from a differential amplifier 25 is input is 
substantially equal to that of the P-channel MOS tran- 
sistors and QP2 and bQP2 of a sense current source 22 
and an N-channel MOS transistor 12 of the memory cell 
MC. 

[0142] The P-channel MOS transistor QP1 in the bias 
voltage generating circuit and the P-channel MOS tran- 
sistors QP2 and bQP2 of the sense current source 22 
constitute a current mirror circuit 
[0143] In a read operation, the sense current Is flows 
in the magneto-resistance element Rref and also flows 
in one of the pair of bit lines BLi and bBLi (i = 1, 2,....) 
At this time, since interconnection resistances exist in 
the bit lines BLi and bBLi, the potentials of the bit lines 
drop. As a consequence, the potential differences 
among sense amplifier nodes N1, bN1, N2, bN2,... 
change depending on the position of the selected mem- 
ory cell MC. 

[0144] If, for example, access is made to the memory 
cell MC nearest to the sense amplifier (S/A) 24, the in- 
fluences of the interconnection resistances of bit lines 
BLi and bBLi are minimized. If access is made to the 
memory cell MC located farthest from the sense ampli- 
fier (S/A) 24, the influences of the interconnection re- 
sistances of the bit lines BLi and bBLi are maximized. 
[0145] The position of a selected memory cell, i.e., the 
potential differences among the sense amplifier nodes 
N1, bN1, N2, bN2,... due to the interconnection resist- 
ances of the bit lines BLi and bBLi become noise in sens- 
ing the data in the memory cell MC. 
[0146] In order to reduce noise in such a sense oper- v 
ation, according to the present invention, as shown in 
FIG. 11, an adjusting resistor r having a resistance value 
1/2 that of the interconnection resistance of the bit lines 
BLi and bBLi is connected between the P-channel MOS 
transistor QP1 and the magneto-resistance element 
Rref. The simplest method of forming the adjusting re- 
sistor r, is to form an interconnection having a cross- 
sectional area equal to each of the bit lines BLi and bBLi 
and a length 1/2 that thereof by using the same inter- 
connection layer as that for each of the bit lines BLi and 
bBLi. 

[0147] If no row access is made, i.e., the read word 
lines RWL1, RWL2,... are not selected, and a current is 
supplied to the bias current generating circuit, the cur- 
rent is wasted. This interferes with a reduction in current 
consumption. 

[0148] For this reason, a bias enable signal BIASEN 
is set at "H" level (e.g., a potential equal to the potential 
to be applied to the selected read word line) only for a 
period during which row access is made, and is set at 
"L n level (e.g., the ground potential) for other periods. 
[0149] With this operation, an N-channel MOS tran- 
sistor QN3 is kept on for only a period during which row 
access is made. This makes it possible to prevent a cur- 
rent from being wasted in the bias generating circuit, 
contributing to a reduction in current consumption. 
[01 50] The bias voltage generating circuit in this ex- 
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ample differs from the one shown in Fl G . 5 in that a diode 
14 is connected between a magneto-resistance element 
Rref and the N-channel MOS transistor QN3, and a con- 
trol signal VWLL is input to the source of the N-channel 

5 MOS transistor QN3. 

[01 51] The control signal VWLL indicates an "L"-level 
potential of potentials to be applied to a read word line 
RWLi, which is equal to the potential to be applied to the 
selected read word line, i.e., the ground potential. The 

10 size of the N-channel MOS transistor QN3 is set to be 
equal to the size of an N-channel MOS transistor for ap- 
plying VWLL (ground potential) to the read word line 
RWLi. 

[01 52] Reference symbol r denotes a resistor approx- 
15 imating the interconnection resistance of a bit line. A re- 
sistor approximating the interconnection resistance of a 
word line may be connected between the P-channel 
MOS transistor QP1 and the magneto-resistance ele- 
ment (reference cell) Rref. 
20 [01 53] Note that as the sense amplifier 24, for exam- 
ple, the sense amplifier used in the first example (see 
FIG. 6) can be used without any change or the sense 
amplifier used in the second example (see FIG. 8) can 
be used without any change. 
25 [01 54] A sense operation in a read operation in the 
magnetic random access memory shown in FIGS. 10 
and 11 will be described next with reference to the timing 
chart of FIG. 12. 

[0155] Note that the same sense amplifier as that 
30 used in the first example (FIG. 6) is used. For the sake 
of simplicity, assume that the read word line RWL1 is 
selected, and the data in the memory cell MC is read 
out to the bit line BL1 . 

[0156] First of all, the bit lines BLi and bBLi are pre- 
35 charged before a sense operation. In a precharge oper- 
ation, a precharge signal PC is set at "L" level (e.g., the 
ground potential), and hence all the pairs of bit lines BLi 
and bBLi are precharged to Vref. 
[01 57] At this time, the read word line RWL1 is at the 
40 "H" level, i.e., VWLH. Since the potential VWLH is higher 
than Vref, the diode 1 3 in the memory cell MC is reverse- 
biased. Ideally, therefore, no current flows in the mem- 
ory cell MC. 

[01 58] When the precharge signal PC is set at "H" lev- 
45 el (e.g., the internal power supply potential) afterward, 
the precharged states of the pair of bit lines BLi and bBLi 
are canceled. 

[0159] When a read word line enable signal WRLEN 
is set at "H" level, the selected read word line RWL1 is 

so changed from "H" level to n L" level, i.e., from VWLH to 
VWLL, by the read word line driver. Therefore, the diode 
13 in the memory cell MC connected to the selected 
read word line RWL1 is forward-biased. 
[01 60] If the potential VWLH is lower than the bit line 

55 potential at the time of "(T-read operation, the diode 13 
in the unselected memory cell MC is kept reverse-bi- 
ased. Hence, no current flows in the memory cell MC. 
[0161] At the same time, since the N-channel MOS 
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transistor QN4 in FIG. 10 is turned on, the bias potential 
Vbias output from the bias voltage generating circuit 21 
is transferred to the P-channel MOS transistor QP2 or 
P-channel MOS transistor bQP2. 
[0162] That is, the sense current Is flows in the bit 
lines BL1 , BL2,... to which the memory cell MC selected 
by the least significant bit RAO of the row address signal 
and its complementary signal bRAO is connected. 
[0163] In this example, since it is assumed that the 
least significant bit RAO of the row address signal is "0 
(= L)", the read word line RWL1 is set at "L" level, and 
the P-channel MOS transistor QP2 is turned on. The 
sense current Is flows in the bit lines BL1, BL2,... owing 
to a current mirror. 

[0164] If, therefore, the data stored in the selected 
memory cell MC is "0", the potential of the bit line BL1 
drops from the precharge potential Vref. If the data 
stored in the selected memory cell MC is "1", the poten- 
tial of the bit line BL1 rises from the precharge potential 
Vref. 

[0165] Note that since the least significant bit RAO of 
the row address signal is "0 (= L)", the P-channel MOS 
transistor bQP2 is in the OFF state, and the sense cur- 
rent Is does not flow in the bit lines bBL1, bBL2 

Therefore, the bit lines bBL1, bB12,... to which the se- 
lected memory cell js not connected are in the floating 
state and kept at the precharge potential Vref. 
[0166] As described above, when the sense current 
Is flows in the memory cell MC, the magnetization state 
of the magneto-resistive element appears as the poten- 
tial difference between the pair of bit lines BL1 and 
bBL1. Thereafter, the sense amplifier 24 is activated to 
sense the potential difference between the pair of bit 
lines BL1 and bB11. 

[01 67] In a sense operation, a change in the potential 
of the bit line BL1 with time remains the same regardless 
of whether the potential of the bit line BL1 rises or drops. 
Therefore, the potential difference produced between 
the pair of bit lines BL1 and bBL1 in "0"-read operation 
does not differ from that in "1"-read operation regardless 
of the timing at which the sense amplifier 24 is operated. 
[01 68] In this example, the potentials of the pair of bit 
lines BL1 and bBL1 are input to the gates of N-channel 
MOS transistors QN6 and QN7 in the sense amplifier 
24. That is, the potential difference between the pair of 
bit lines BL1 and bBL1 appears as the current driving 
capability difference between the N-channel MOS tran- 
sistors QN6 and QN7 in the sense amplifier 24. 
[0169] If, therefore, the sense amplifier activation sig- 
nal SAP is set at Vdd from Vdd/2, and the sense ampli- 
fier activation signal SAN is set at Vss from Vdd/2, the 
sense amplifier 24 is activated to latch the data from the 
memory cell MC. 

[0170] More specifically, in a "0"-read operation, an 
output node SA1 of the sense amplifier 24 is set at Vss 
(= gnd), and an output node bSA1 of the sense amplifier 
24 is set at Vdd. In a "1"-read operation, the output node 
SA1 of the sense amplifier 24 is set at Vdd, and the out- 



put node bSA1 of the sense amplifier 24 is set at Vss. 
[0171] After this operation, the column select signal 
CSL is set at "H" level to transfer the data latched by the 
sense amplifier 24 to an output circuit through the pair 

5 of data lines (the pair of DQ lines) DQ and bDQ. 

[0172] With regard to the above sense operation, after 
the data is latched in the sense amplifier 24, the potential 
VWLL of the read word line RWL1 may be immediately 
restored to the potential VWLH, and the bit lines may be 

10 precharged for the next read cycle. 

[0173] In the above sense operation, restore opera- 
tion like that performed in a DRAM is not performed for 
the following reason. Since a magnetic random access 
memory (MRAM) is capable of a nondestructive data 

15 read, the data need not be rewritten in the memory cell. 
Therefore, the potentials of the pair of bit lines BL1 and 
bBL1 need not to go full swing for data restore operation. 
[0174] In addition, since the potentials of the pair of 
bit lines BL1 and bBL1 need not go full swing after data 

20 sensing, the amount of charge required for charging/dis- 
charging of the pair of bit lines BL1 and bBL1 decreases, 
contributing to a reduction in power consumption. In ad- 
dition, since this can prevent a high voltage from being 
applied to a magneto-resistance element (TMR ele- 

25 ment), the reliability of the magneto-resistance element 
can be improved. 

[0175] Furthermore, since no restore operation is re- 
quired, after the data in the memory cell MC is sufficient- 
ly output to the bit line BL1, the selected read word line 

30 RWLf can be quickly dropped from VWLL to VWLH. 
That is, since the potential level of the read word line 
RWL1 need not be lowered for data restore operation, 
the potential level of the read word line RWL1 can be 
raised to stop the sense current Is flowing in the bit line 

35 BL1 immediately after the data is output to the bit line 
BL1. This makes it possible to eliminate the waste of 
power and attain a reduction in power consumption. 
[0176] Afterthe data in the memory cell MC is latched 
by the sense amplifier 24, ail the pairs of bit lines BLi 

40 and bBLi can be quickly precharged for the next read 
cycle, thus realizing high-speed read operation. 
[01 77] As described above, in a magnetic random ac- 
cess memory (MRAM), since nondestructive read oper- 
ation is performed, no restore operation is required, and 

45 the potentials of a pair of bit lines need not go full swing. 
The bit lines and the sense amplifiers can be precharged 
independently. Therefore, as for a read operation, the 
magnetic random access memory can realize high- 
speed random access with low power consumption as 

50 compared with the DRAM. 

[Summary] 

[0178] According to the first embodiment of the 
55 present invention, a reference cell having an MR ratio 
1/2 that of a memory cell is formed by using a plurality 
of magneto-resistive elements. In precharge operation, 
the same potential as the constant potential generated 
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by this reference cell is applied as a precharge potential 
to a bit line. In sense operation, a constant current is 
supplied to the reference cell, and a constant current is 
also supplied to the bit line (memory cell) by using the 
current mirror circuit. This makes it possible to perform 
a read operation in the same manner as a DRAM. If, 
therefore, an MRAM is to be developed as a substitute 
for a DRAM, compatibility with the DRAM can be im- 
proved. 

(2) Second Embodiment 

[0179] According to the first embodiment of the 
present invention, there is proposed the technique of 
forming a reference cell having an MR ratio 1/2 that of 
a memory cell by using a plurality of magneto-resistance 
elements and generating the reference potential Vref 
used for sense operation by supplying a constant cur- 
rent to the reference cell. Each magneto-resistance el- 
ement is basically formed by the same step as that for 
^ magneto-resistance element used for a memory cell 
with the same layout as that thereof. 
[0180] However, a reference cell is formed by com- 
bining a plurality of magneto-resistance elements, inter- 
connections and the like are required to connect the re- 
spective magneto-resistance elements. The reference 
cell therefore has a structure different from the magneto- 
resistance element of the memory cell as a whole. In 
consideration of the layout of a memory cell array and 
peripheral circuit, it is difficult to place a reference cell 
under completely the same environment as that for the 
magneto-resistance element in a memory cell. 
[0181] In some cases, therefore, reference cells may 
not be formed within the range of variations in the char- 
acteristics of magneto-resistance elements in memory 
cells. 

[0182] The second embodiment has been made in 
consideration of the above situation and is character- 
ized in that a reference potential Vref is generated by 
using a memory cell (dummy cell) in a memory cell array. 
More specifically, sense currents are supplied to a mem- 
ory cell storing "CT-data ( M 0 n -cell) and a memory cell stor- 
ing "1"-data ('T'-cell). 

[01 83] Assume that when sense currents are supplied 
to the respective memory cells, the potential of a bit line 
connected to the M 0"-cell is represented by V0, and the 
potential of a bit line connected to the w 1"-cell is repre- 
sented by V1 . In this case, by short-circuiting the respec- 
tive bit lines, an intermediate potential (V0 + V1)/2 most 
suitable for a reference potential Vref can be obtained. 
[0184] If specific memory cells in a memory cell array 
are used as dummy cells to generate the reference po- 
tential Vref, the accurate reference potential Vref can be 
generated. This can contribute to an improvement of the 
reliability of the magnetic random access memory 
(MRAM). 

[0185] Examples of the second embodiment will be 
described in detail below. 



[First Example] 

[0186] FIG. 13 shows the main part of a magnetic ran- 
dom access memory according to the first example of 

5 the second embodiment. 

[0187] A memory cell MC is comprised of one mag- 
neto-resistive element 11 and one MOS transistor 12. 
Write word lines WWL1 , WWL2, ... and read word lines 
RWL1 , RWL2, ... extend in the row direction, and bit lines 

10 BL1 , bBL1 , BL2, bBL2,... extend in the column direction. 
[0188] The write word lines WWL1, WWL2,... have no 
nodes on the memory cell array and are arranged to run 
near the magneto-resistive elements 11. That is, in a 
write operation, the magnetization directions (parallel, 

15 anti-parallel) of the magneto-resistive elements 11 are 
changed by using the magnetic fields generated by cur- 
rents flowing in the write word lines WWL1, WWL2,... 
and bit lines BL1, bBL1, BL2, bBL2,.... 
[0189] The read word lines RWL1, RWL2,... are con- 

20 nected to the gates of the MOS transistors 12 as ele- 
ments of memory cells MC. In a read operation, the 
MOS transistor 12 of the selected memory cell MC is 
turned on to supply a constant current to the magneto- 
resistive element 11 of the selected memory cell MC, 

25 and the potentials of the bit lines BL1, bBL1, BL2, 
bBL2,... are changed in accordance with the state of the 
magneto-resistive element 11. 

[0190] In the second embodiment, specific memory 
cells in a memory cell array are used as dummy cells to 

30 generate a reference potential Vref. For example, a spe- 
cific one of a plurality of memory cells connected to one 
bit line is used as a dummy cell DUMMY. 
[01 91] Like the memory cell MC, a dummy cell DUM- 
MY is comprised of one magneto-resistive element 11 

35 and one MOS transistor 12. Dummy write word lines 
DWWL1, DWWL2,... and dummy read word lines 
DRWL1, DRWL2,... extend in the row direction. The bit 
lines BL1 , bBL1 , BL2, bBL2,... are commonly connected 
to memory cells MC and dummy cells DUMMY. 

40 [0192] The dummy write word lines DWWL1, 
DWWL2,... have no nodes on the memory cell array and 
are arranged to run near the magneto-resistive ele- 
ments 11 in the dummy cells DUMMY. That is, in write 
operation, the magnetization directions (parallel, anti- 

45 parallel) of the magneto-resistive elements 11 in the 
dummy cells DUMMY are changed by using the mag- 
netic fields generated by currents flowing in the dummy 
write word lines DWWL1, DWWL2,... and bit lines BL1 , 
bBL1, BL2, bBL2 

50 [0193] The dummy read word lines DRWL1, 
DRWL2,... are connected to the gates of the MOS tran- 
sistors 12 as elements of memory cells MC. In a read 
operation, the MOS transistor 12 of the selected dummy 
cell DUMMY is turned on to supply a constant current 

55 to the magneto-resistive element 11 of the selected 
dummy cell DUMMY, and the potentials of the bit lines 
BL1, bBL1, BL2, bBL2,... are changed in accordance 
with the state of the magneto-resistive element 11. 
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[0194] In this example, with regard to one (BLi) of 
each pair of bit lines BLi and bBLi, "0"-data are stored 
in the dummy cells DUMMY connected to odd-num- 
bered bit lines BL1, BL3,..., and "1"-data are stored in 
the dummy cells DUMMY connected to the even-num- 
bered bit lines BL2, BL4 

[0195] The odd-numbered bit lines BLT, BL3,... and 
even-numbered bit lines BL2, BL4,... are connected to 
each other through equalize circuits (short-circuiting N- 
channel MOS transistors) 26. More specifically, the bit 
lines BLI and BL2 are connected to each other through 
a short-circuiting N-channel MOS transistor QN 10. Like- 
wise, the bit lines BL3 and BL4 are connected to each 
other through the short-circuiting N-channel MOS tran- 
sistor QN10. 

[0196] The short-circuiting N-channel MOS transistor 
QN10 is controlled by a control signal EQLO. 
[0197] With regard to other bit line (bBLi) of each pair 
of BLi and bBLi, "0"-data are stored in the dummy cells 
DUMMY connected to the odd-numbered bit lines bBL1 , 
bBL3,..., and "1"-data are stored in the dummy cells 
DUMMY connected to the even-numbered bit lines 
bBL2, bBL4,.... 

[01 98] The odd-numbered bit lines bBL1 , bBL3,... and 
even-numbered bit lines bBL2, bBL4 f ... are connected 
to each other -through the equalize circuits (short- 
circuiting N-channel MOS transistors) 26. More specifi- 
cally, the bit lines bBL1 and bBL2 are connected to each 
other through a short-circuiting P-channel MOS transis- 
tor QP11 . Likewise, the bit lines bBL3 and bBL4 are con- 
nected to each other through the P-channel MOS tran- 
sistor QP11. i 
[0199] The short-circuiting P-channel MOS transistor 
QP11 is ON/OFF-controlled by a control signal EQL1. 
[0200] Note that the relationship between the data 
stored in dummy cells DUMMY and the bit lines short- 
circuited to each other is not limited to the above rela- 
tionship, and can be variously changed. 
[0201] It is important that the bit lines BLi or bit lines 
bBLi be short-circuited to each other, and half of 2 x n 
(n is a natural number) dummy cells DUMMY connected 
to 2 x n bit lines that are short-circuited store n 0"-data, 
and the remaining cells store "1 n -data. 
[0202] A precharge circuit 23 serves to precharge all 
the bit lines BLi and bBLi to a precharge potential VPC 
in a standby state. Even if the precharge potential VPC 
is the ground potential, no problem arises in terms of 
operation. If, however, the precharge potential VPC is 
the ground potential, problems are posed in terms of da- 
ta read speed and power consumption. For this reason, 
the precharge potential VPC is preferably set to an ap- 
propriate potential. 

[0203] More specifically, if the precharge potential 
VPC is the ground potential, for example, the following 
problems arise in sense operation: a. it takes much time 
until the potential of a bit line sufficiently rises to apply 
a sufficient bias to a memory cell, and data is output from 
the memory cell; and b. the amplitude of the potential of 



the bit line increases to waste a current in charging/dis- 
charging the bit line. 

[0204] The value of the precharge potential VPC is 
determined in consideration of the breakdown voltage 

5 of a magneto-resistance element, the bias dependence 
of a magnetic resistance change ratio MR, the ON re- 
sistance of a MOS transistor, and the like so as to output 
a signal with the maximum level within a reliability range. 
[0205] Only one sense amplifier (S/A) 24 is provided 

10 for one pair of bit lines BLi and bBLi (i = 1, 2,...). 

[0206] In this example, the sense amplifier 24 is 
based on the differential sense scheme of supplying a 
constant current Is to the memory cell MC and detecting 
the potential difference produced between the pair of bit 

15 lines BLi and bBLi. In addition, the memory cell array 
uses the folded bit line scheme. 

[0207] The memory cell array arrangement shown in 
FIG. 13 is an example. Obviously, the present invention 
can be magnetic random access memories having other 

20 memory cell array arrangements. 

[0208] The sense amplifier 24 compares the potential 
of one of the pair of bit lines BLi and bBLi to which the 
selected memory cell MC is connected with the potential 
of the other of the pair of bit lines BLi and bBLi (reference 

25 potential Vref), and amplifies the difference. 

[0209] In a read operation, a read word line enable 
signal RWLEN is set at n H" level. At this time, an N-chan- 
nel MOS transistor QN4 is turned on, and an NMOS 
transistor QN5 is turned off. An output signal Vbias from 

30 the bias voltage generating circuit 21 is therefore trans- 
ferred to the gate of a P-channel MOS transistor QP2. 
[0210] The sense current Is flows in all the bit lines 

BL1, bBL1, bBL1, BL2, bBL2 and the potentials of 

the bit lines BL1, bBL1, bBL1, BL2, bBL2,... change in 

35 accordance with the data in the selected memory cell 
MC or the data in the selected dummy cell DUMMY. 
[021 1] Note that since the potentials of the bit lines to 
which the dummy cells DUMMY are connected are 
equalized by an equalize circuit 26, Vref (= (V0 + V1)/2) 

^o is obtained. 

[0212] FIG. 14 shows an example of the bias voltage 
generating circuit in FIG. 13. 

[0213] As a magneto-resistance element R and N- 
channel MOS transistor QN3, elements having the 
45 same layouts and sizes as those of the magneto-resis- 
tive element 11 and MOS transistor 12 in the memory 
cell MC are used. 

[0214] In the second embodiment, it is most prefera- 
ble that the magneto-resistance element R be identical 

50 to, for example, the magneto-resistive element 1 1 in the 
memory cell MC. However, the precision of the output 
signal Vbias from the bias voltage generating circuit 21 
is not very significant, the magneto-resistance element 
may be replaced with another element. 

55 [0215] The size of a P-channel MOS transistor QP1 
having a gate to which the output signal Vbias from a 
differential amplifier 25 is input is substantially equal to 
that of the P-channel MOS transistor QP2 and a P-chan- 
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nel MOS transistor bQP2 of a sense current source 22 
and the N-channel MOS transistor 12 of the memory ceil 
MC. 

[0216] The P-channel MOS transistor QP1 in the bias 
voltage generating circuit and the P-channel MOS tran- 
sistors QP2 and bQP2 of the sense current source 22 
constitute a current mirror circuit. 
[0217] In a read operation, the sense current Is flows 
in the magneto-resistance element R in the bias voltage 
generating circuit 21 and also flows in one of the pair of 

bit lines BLi and bBLi (i = 1, 2 ) At this time, since 

interconnection resistances exist in the bit lines BLi and 
bBLi, the potentials of the bit lines drop. As a conse- 
quence, the potential differences among sense amplifier 
nodes N1, bN1, N2, bN2,... change depending on the 
position of the selected memory cell MC. 
[021 8] If, for example, access is made to the memory 
cell MC nearest to the sense amplifier (S/A) 24, the in- 
fluences of the interconnection resistances of the bit 
lines BLi and bBLi are minimized. If access is made to 
the memory cell MC located farthest from the sense am- 
plifier (S/A) 24, the influence of the interconnection re- 
sistances of the bit lines BLi and bBLi is maximized. 
[0219] The position of a selected memory cell, i.e., the 
potential differences among the sense amplifier nodes 
N1, bN1, N2, bN2,... due to the interconnection resist- 
ances of the bit lines BLi and bBLi become noise in sens- 
ing the data in the memory cell MC. 
[0220] In order to reduce noise in such sense opera- 
tion, according to the embodiment, as shown in FIG. 14, 
an adjusting resistor r having a resistance value 1/2 that 
of the interconnection resistance of the bit lines BLi and 
bBLi is connected between the P-channel MOS transis- 
tor QP1 and the magneto-resistance element Rref. The 
simplest method of forming the adjusting resistor r, is to 
form an interconnection having a cross-sectional area 
equal to each of the bit lines BLi and bBLi and a length 
1/2 that thereof by using the same interconnection layer 
as that for each of the bit lines BLi and bBLi. 
[0221] If no row access is made, i.e., the read word 
lines RWL1, RWL2,... are not selected, and a current is 
supplied to the bias current generating circuit 21, the 
current is wasted. This interferes with a reduction in cur- 
rent consumption. 

[0222] For this reason, a bias enable signal BIASEN 
is set at "H" level (e.g., a potential equal to the potential 
to be applied to the selected read word line) only for a 
period during which row access is made, and is set at 
"L" level (e.g., the ground potential) for other periods. 
[0223] With this operation, an N-channel MOS tran- 
sistor QN3 is kept on for only a period during which row 
access is made. This makes it possible to prevent a cur- 
rent from being wasted in the bias generating circuit, 
contributing to a reduction in current consumption. 
[0224] FIG. 15 shows an example of the sense ampli- 
fier in FIG. 13. 

[0225] This sense amplifier 24 is a sense amplifier 
used in the so-called direct sense scheme. The poten- 



tials of the pair of bit lines BLi and bBLi are respectively 
input to the gates of P-channel MOS transistors QP12 
and QN13. That is, the potential difference between the 
pair of bit lines BLi and bBLi appears as the current driv- 
5 ing capability difference between the P-channel MOS 
transistors QP12 and QN13. 

[0226] The sense amplifier 24 senses and amplifies 
the potential difference between the bit lines BLi and bB- 
Li. That is, the data in the selected memory cell MC is 
10 sensed by the sense amplifier 24 first, and then trans- 
ferred to a pair of data lines (a pair of DQ lines) DQ and 
bDQ. 

[0227] Note that selection of a column, i.e., electric 
connection between the sense amplifier 24 and the pair 
15 of data lines DQ and bDQ is performed by ON/OFF-con- 
trolling a column select switch 28 using a column select 
signal CSL. 

[0228] A sense operation in a read operation in the 
magnetic random access memory shown in FIGS. 13 to 
20 15 will be described next with reference to the timing 
chart of FIG. 16. 

[0229] For the sake of simplicity, assume that in the 
following description, the read word line RWL1 is select- 
ed, and the data in the memory cell MC is read out to 
25 the bit line BL1 , and when the read data is "0", the po- 
tential of the bit line BL1 is slightly raised from the pre- 
charge potential VPC, and when the read data is n 1", 
the potential of the bit line BL1 greatly rises from the 
precharge potential VPC. In this description, the varia- 

30 tion of the potential of the bit line BL1 to VPC is small, 
and the memory has a low power. 
[0230] First of all, the bit lines BLi and bBLi are pre- 
charged before a sense operation. In precharge opera- 
tion, the precharge signal PC is set at "L" level (e.g., the 

35 ground potential), and hence all the pairs of bit lines BLi 
and bBLi are precharged to VPC. 
[0231] When the precharge signal PC is set at "H" lev- 
el (e.g., the internal power supply potential) afterward, 
the precharged states of the pair of bit lines BLi and bBLi 

40 are canceled. 

[0232] When the read word line enable signal RWLEN 
is set at "H" level, the read word line RWL1 is set at "H" 
level by the read word line driver. In addition, in this ex- 
ample, the dummy read word line DRWL2 is set at "H" 

45 level at the same time when the read word line RWL1 
is set at "H" level. 

[0233] At the same time, the N-channel MOS transis- 
tor QN4 in FIG. 13 is turned on. As a consequence, the 
bias potential Vbias output from the bias voltage gener- 

50 ating circuit 21 is transferred to the P-channel MOStran- 
sistor QP2, and the sense current Is flows in all the pairs 
of bit lines BL1, bBL1, BL2, bBL2,... by a current mirror. 
[0234] if, therefore, the data stored in the selected 
memory cell MC or dummy cell DUMMY is "0", the po- 

55 tential of the bit line BL1 is slightly raised from the pre- 
charge potential VPC, as shown in FIG. 16. If the data 
stored in the selected memory cell MC or dummy cell 
DUMMY is "1", the potential of the bit line BL1 greatly 
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rises from the precharge potential VPC. 
[0235] Note that the dummy cells DUMMY are prefer- 
ably arranged at the middle portions of the bit lines BL1 , 
bBL1, BL2, bBL2,... to equalize noise due to the inter- 
connection resistances (or potential drops) of the bit 
lines BL1, bBL1, BL2, bBL2,.... 

[0236] In this example, since the read word line RWL1 
and dummy read word line DRWL2 are selected, the po- 
tentials of the bit lines BL1 t BL2,... change in accord- 
ance with the data stored in the memory cell MC, and 
the potentials of the bit lines bBL1, bBL2,... change to 
in accordance with the data stored in the dummy cell 
DUMMY. 

[0237] In this case, "CT-data is stored in the dummy 
cell DUMMY connected to the bit line bBL1 , and "T-data 
is stored in the dummy cell DUMMY connected to the 
bit line bBL2. 

[0238] After the potential of each of the bit lines BL1 , 
bBL1, BL2, bBL2,... sufficiently changes in accordance 
with the data stored in the memory cell MC or dummy 
cell DUMMY, the potential of the read word line enable 
signal RWL EN changes from "H" level to "L n level, and 
the potentials of the read word line RWL1 and dummy 
read word line DRWL2 also change from "H" level to "L" 
level. v. 
[0239] As a result, the sense current Is flowing in each 
of the bit lines BL1 , bBL1 , BL2, bBL2,... stops, and each 
of the bit lines BL1 , bBL1 , BL2, bBL2,... is set in a float- 
ing state while holding a value corresponding to the data 
stored in the memory cell MC or dummy cell DUMMY. 
[0240] The control signal EQL1 is then set at "H" level 
to turn on the P-channel MOS transistor QP11 in the 
equalize circuit 26, thereby short-circuiting the bit lines 
bBL1 and bBL2 to which the data in the selected dummy 
cell DUMMY is output. As a consequence, charge is 
shared between the two bit lines bBL1 and bBL2, and 
both the potentials of the bit lines bBL1 and bBL2 be- 
come an optimal intermediate potential (= (V0 + V1)/2) 
as a reference potential. 

[0241] More specifically, the "0 n -data stored in the 
dummy cell DUMMY is output to the bit line bBL1 to set 
the bit line at V0 and the "1"-data stored in the dummy 
cell DUMMY is output to the bit line bBL2 to set the bit 
line at V1 . By setting the control signal EQL1 at "H" level, 
therefore, both the potentials of the bit lines bBL1 and 
bBL2 are set at an intermediate potential (= (V0 + V1 )/2). 
[0242] A charge sharing operation is performed by the 
equalize circuit 26 while the sense current Is flowing in 
the bit lines BL1 , bBL1 , BL2, bBL2,... is interrupted, and 
the bit lines BL1 , bBL1 , BL2, bBL2,... are set in a floating 
state to trap the data in the bit lines BL1, bBL1, BL2, 
bBL2,.... Therefore, a reference potential Vref to be gen- 
erated does not vary regardless of the equalizing timing. 
[0243] After the reference potential Vref is generated 
at each of the bit lines bBL1, bBL2,..., the potential dif- 
ference between the pair of bit lines BL1 and bBL1 can 
be transferred as the difference between currents flow- 
ing in the pair of data lines (the pair of DQ lines) DQ and 



bDQ through the sense amplifiers 24 by setting the col- 
umn select signal CSL at "H" level. 
[0244] In this example, since the sense amplifiers 
based on the direct sense scheme are used, a circuit for 

5 directly sensing the current difference between the pair 
of data lines DQ and bDQ or a circuit for converting this 
current difference into a potential difference again and 
sensing a voltage must be connected to the pair of data 
lines DQ and bDQ. 

10 [0245] Finally, the precharge signal PC is set at "L" 
level again to set all the bit lines BL1, bBL1, BL2, 
bBL2 t ... to the precharge potential VPC to prepare for 
the next read cycle. 

[0246] In the above sense operation, restore opera- 

15 tion like that performed in a DRAM is not performed for 
the following reason. Since a magnetic random access 
memory (MRAM) is capable of a nondestructive data 
read, the data need not be rewritten in the memory cell. 
Therefore, the potentials of the pair of bit lines BL1 and 

20 bBL1 need not to go full swing for data restore operation. 
[0247] In addition, since the potentials of the pair of 
bit lines BL1 and bBL1 need not go full swing after data 
sensing, the amount of charge required for charging/dis- 
charging of the pair of bit lines BL1 andbBLI decreases, 

25 contributing to a reduction in power consumption. In ad- 
dition, since this can prevent a high voltage from being 
applied to a magneto-resistance element (TMR ele- 
ment), the reliability of the magneto-resistance element 
can be improved. 

so [0248] Furthermore, since no restore operation is re- 
quired, after the data in the memory cell MC is sufficient- 
ly output to the bit line BL1 , the potentials of the selected 
read word line RWL1 and selected dummy read word 
line DRWL2 can be quickly dropped from "H" level to "L" 

35 level. 

[0249] That is, since the potential level of the^fead 
word line RWL1 and dummy read word line DRWL2 
need not be raised for data restore operation, the po- 
tential level of the read word line RWL1 and dummy read 

40 word line DRWL2 can be lowered to stop the sense cur- 
rent Is flowing in the bit line BL1 immediately after the 
data is output to the bit line BL1 . This makes it possible 
to eliminate power wastage and attain a reduction in 
power consumption. 

45 [0250] As described above, in a magnetic random ac- 
cess memory (MRAM), since an nondestructive read 
operation is performed, no restore operation is required, 
and the potentials of a pair of bit lines need not go full 
swing. The bit lines and the sense amplifiers can be pre- 

50 charged independently. Therefore, as for read opera- 
tion, the magnetic random access memory can realize 
high-speed random access with low power consumption 
as compared with the DRAM. 

55 [Second Example] 

[0251] As compared with the magnetic random ac- 
cess memory according to the first example described 
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above, a magnetic random access memory (MRAM) ac- 
cording to the second example has the following char- 
acteristic features. First, this memory has an isolate cir- 
cuit (isolate transistor) for electrically connecting/dis- 
connecting a pair of bit lines BLi and bBLi to/from a 
sense amplifier S/A. Second, each sense amplifier has 
a flip-flop type arrangement like a sense amplifier used 
for a general DRAM. 

[0252] The magnetic random access memory accord- 
ing to this example will be described in detail below. 
[0253] FIG. 17 shows the main part of a magnetic ran- 
dom access memory according to the second example 
of the second embodiment. 

[0254] A memory cell MC is comprised of one mag- 
neto-resistive element 11 and one MOS transistor 12. 
Write word lines WWL1 , WWL2,... and read word lines 
RWL1 f RWL2,... extend in the row direction, and bit lines 
BL1 , bBL1 , BL2, bBL2,... extend in the column direction. 
[0255] The write word lines WWL1 , WWL2, ... have no 
nodes on the memory ceil array and are arranged to run 
near the magneto-resistive elements 11 . That is, in write 
operation, the magnetization directions (parallel, anti- 
parallel) of the magneto-resistive elements 11 are 
changed by using the magnetic fields generated by cur- 
rents flowing in the write word lines WWL1, WWL2,... 

and bit lines BL1 , bBL1 , BL2, bBL2, 

[0256] The read word lines RWL1, RWL2,... are con- 
nected to the gates of the MOS transistors 12 as ele- 
ments of memory cells MC. In read operation, the MOS 
transistor 12 of the selected memory cell MC is turned 
on to supply a constant current to the magneto-resistive 
element 11 of the selected memory cell MC, and the po- 
tentials of the bit lines BL1, bBL1, BL2, bBL2,... are 
changed in accordance with the state of the magneto- 
resistive element 11. 

[0257] In this example, as in the first example de- 
scribed above, specific memory cells in a memory cell 
array are used as dummy cells to generate a reference 
potential Vref. For example, a specific one of a plurality 
of memory cells connected to one bit line is used as a 
dummy cell DUMMY. 

[0258] Like the memory cell MC, a dummy cell DUM- 
MY is comprised of one magneto-resistive element 11 
and one MOS transistor 12. Dummy write word lines 
DWWL1, DWWL2,... and dummy read word lines 
DRWL1, DRWL2,... extend in the row direction. The bit 
lines BL1 , bBL1 , BL2, bBL2,... are commonly connected 
to memory cells MC and dummy cells DUMMY. 
[0259] The dummy write word lines DWWL1, 
DWWL2,... have no nodes on the memory cell array and 
are arranged to run near the magneto-resistive ele- 
ments 11 in the dummy cells DUMMY. That is, in a write 
operation, the magnetization directions (parallel, anti- 
parallel) of the magneto-resistive elements 11 in the 
dummy cells DUMMY are changed by using the mag- 
netic fields generated by currents flowing in the dummy 
write word lines DWWL1, DWWL2,... and bit lines BL1, 
bBL1, BL2, bBL2 



[0260] The dummy read word lines DRWL1, 
DRWL2,... are connected to the gates of the MOS tran- 
sistors 12 as elements of memory cells MC. In read op- 
eration, the MOS transistor 12 of the selected dummy 

5 cell DUMMY is turned on to supply a constant current 
to the magneto-resistive element 11 of the selected 
dummy cell DUMMY, and the potentials of the bit lines 
BL1, bBL1, BL2, bBL2,... are changed in accordance 
with the state of the magneto-resistive element 11. 

10 [0261] In this example, with regard to one (BLi) of 
each pair of bit lines BLi and bBLi, n 0 n -data are stored 
in the dummy cells DUMMY connected to odd-num- 
bered bit lines BL1, BL3,..., and "1"-data are stored in 
the dummy cells DUMMY connected to the even-num- 

15 bered bit lines BL2, BL4 

[0262] The odd-numbered bit lines BL1, BL3,... and 
even-numbered bit lines BL2, BL4,... are connected to 
each other through equalize circuits (short-circuiting N- 
channel MOS transistors) 26. More specifically, the bit 

20 lines BL1 and BL2 are connected to each other through 
a short-circuiting N-channel MOS transistor QN 10. Like- 
wise, the bit lines BL3 and BL4 are connected to each 
other through the short-circuiting N-channel MOS tran- 
sistor QN 10. 

25 [0263] The short-circuiting N-channel MOS transistor 
QN10 is controlled by a control signal EQL0. 
[0264] With regard to other bit line (bBLi) of each pair 
of BLi and bBLi, "0"-data are stored in the dummy cells 
DUMMY connected to the odd-numbered bit lines bBLi , 

30 bBL3,... f and "1 M -data are stored in the dummy cells 
DUMMY connected to the even-numbered bit lines 
bBL2, bBL4 

[0265] The odd-numbered bit lines bBL1 , bBL3,... and 
even-numbered bit lines bBL2, bBL4,... are connected 

35 to each other through the equalize circuits (short- 
circuiting N-channel MOS transistors) 26. More specifi- 
cally, the bit lines bBL1 and bBL2 are connected to each 
other through a short-circuiting P-channel MOS transis- 
tor QP1 1 . Likewise, the bit lines bBL3 and bBL4 are con- 

40 nected to each other through the P-channel MOS tran- 
sistor QP11. 

[0266] The short-circuiting P-channel MOS transistor 
QP11 is ON/OFF-controlled by a control signal EQL1. 
[0267] Note that the relationship between the data 

45 stored in dummy cells DUMMY and the bit lines short- 
circuited to each other is not limited to the above rela- 
tionship, and can be variously changed. 
[0268] It is important that the bit lines BLi or bit lines 
bBLi be short-circuited to each other, and half of 2 x n 

so (n is a natural number) dummy cells DUMMY connected 
to 2 x n bit lines that are short-circuited store n 0"-data, 
and the remaining cells store "^-data. 
[0269] A precharge circuit 23 serve to precharge all 
the bit lines BLi and bBLi to a precharge potential VPC 

55 in a standby state. Even if the precharge potential VPC 
is the ground potential, no problem arises in terms of 
operation. If, however, the precharge potential VPC is 
the ground potential, problems are posed in terms of da- 
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ta read speed and power consumption. For this reason, 
the precharge potential VPC is preferably set to an ap- 
propriate potential. 

[0270] More specifically, if the precharge potential 
VPC is the ground potential, for example, the following 
problems arise in sense operation: a. it takes much time 
until the potential of a bit line sufficiently rises to apply 
a sufficient bias to a memory cell, and data is output from 
the memory cell; and b. the amplitude of the potential of 
the bit line increases to waste a current in charging/dis- 
charging the bit line. 

[0271] The value of the precharge potential VPC is 
determined in consideration of the breakdown voltage 
of a magneto-resistance element, the bias dependence 
of a magnetic resistance change ratio MR, the ON re- 
sistance of a MOS transistor, and the like so as to output 
a signal with the maximum level within a reliability range. 
[0272] Only one sense amplifier (S/A) 24 is provided 
for one pair of bit lines BLi and bBLi (i = 1 , 2,...). 
[0273] In this example, the sense amplifier 24 is 
based on the differential sense scheme of supplying a 
constant current Is to the memory cell MC and detecting 
the potential difference produced between the pair of bit 
lines BLi and bBLi. In addition, the memory cell array 
uses the folded bit line scheme. 

[0274] The memory cell array arrangement shown in 
FIG. 13 is an example. Obviously, the present invention 
can be magnetic random access memojies having other 
memory cell array arrangements. 
[0275] The sense amplifier 24 compares the potential 
of one of the pair of bit lines BLi and bBLi to which the 
selected memory cell MC is connected with the potential 
of the other of the pairof bit lines BLi and bBLi (reference 
potential Vref), and amplifies the difference. 
[0276] In this example, an isolate circuit 27 formed by 
an N-channel MOS transistor is connected between the 
pair of bit lines BLi and bBLi and sense amplifier (S/A) 
24. 

[0277] After the potentials of the sense amplifier 
nodes Ni and bNi sufficiently change in accordance with 
the data in the memory cell MC or dummy cell DUMMY, 
the isolate circuit 27 electrically disconnects the pair of 
bit lines BLi and bBLi from the sense amplifier 24, thus 
disconnecting the parasitic capacitances produced in 
the pair of bit lines BLi and bBLi from the sense amplifier 
24 in amplifying operation. 

[0278] Since the isolate circuit 27 is connected be- 
tween the pair of bit lines BLi and bBLi and the sense 
amplifier 24, the precharge circuit 23 is located closer 
to the pair of bit lines BLi and bBLi than the isolate circuit 
27. An equalize circuit 26 is located closer to the sense 
amplifier 24 than the isolate circuit 27. After the isolate 
circuit 27 electrically disconnects the pair of bit lines BLi 
and bBLi from the sense amplifier 24, the equalize circuit 
26 short-circuits the bit line BLi and the bit line BLi+1 or 
the bit line bBLi and the bit line bBLi+1 to generate the 
intermediate potential Vref. 

[0279] In a read operation, a read word line enable 



signal RWLEN is set at "H" level. At this time, an N-chan- 
nel MOS transistor QN4 is turned on, and an NMOS 
transistor QN5 is turned off. An output signal Vbias from 
the bias voltage generating circuit 21 is therefore trans- 

5 ferred to the gate of a P-channel MOS transistor QP2. 
[0280] The sense current is flows in all the bit lines 
BL1, bBL1, bBL1, BL2, bBL2,... t and the potentials of 
the bit lines BL1. bBL1, bBL1, BL2, bBL2,... change in 
accordance with the data in the selected memory cell 

10 MC or the data in the selected dummy cell DUMMY. 
[0281] Note that since the potentials of the bit lines to 
which the dummy cells DUMMY are connected are 
equalized by the equalize circuit 26, Vref (= (V0 + V1)/ 
2) is obtained. 

15 [0282] FIG. 18 shows an example of the bias voltage 
generating circuit in FIG. 17. 

[0283] As a magneto-resistance element R and N- 
channel MOS transistor QN3, elements having the 
same layouts and sizes as those of the magneto-resis- 
20 five element 11 and MOS transistor 12 in the memory 
cell MC are used. 

[0284] In the second embodiment, it is most prefera- 
ble that the magneto-resistance element R be identical 
to the magneto-resistive element 11 in the memory cell 
25 MC. However, the precision of the output signal Vbias 
from the bias voltage generating circuit 21 is not very 
significant, the magneto-resistance element may be re- 
placed with another element. 

[0285] The size of a P-channel MOS transistor QP1 
30 having a gate to which the output signal Vbias from a 
differential amplifier 25 is input is substantially equal to 
that of the P-channel MOS transistor QP2 and a P-chan- 
nel MOS transistor bQP2 of a sense current source 22 
and the N-channel MOS transistor 12 of the memory cell 
35 MC. 

[0286] The P-channel MOS transistor QP1 in the bias 
voltage generating circuit and the P-channel MOS tran- 
sistors QP2 and bQP2 of the sense current source 22 
constitute a current mirror circuit. 

40 [0287] In a read operation, the sense current is flows 
in the magneto-resistance element R in the bias voltage 
generating circuit 21 and also flows in one of the pair of 
bit lines BLi and bBLi (1 = 1, 2,....) At this time, since 
interconnection resistances exist in the bit lines BLi and 

45 bBLi, the potentials of the bit lines drop. As a conse- 
quence, the potential differences among sense amplifier 
nodes N1, bN1, N2, bN2,... change depending on the 
position of the selected memory cell MC. 
[0288] If, for example, access is made to the memory 

so cell MC nearest to the sense amplifier (S/A) 24, the in- 
fluence of the interconnection resistances of the bit lines 
BLi and bBLi is minimized. If access is madeto the mem- 
ory cell MC located farthest from the sense amplifier (S/ 
A) 24, the influence of the interconnection resistances 

55 of the bit lines BLi and bBLi is maximized. 

[0289] The position of a selected memory cell, i.e., the 
potential differences among the sense amplifier nodes 
N1, bN1, N2, bN2,... due to the interconnection resist- 
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ances of the bit lines BU and bBLi become noise in sens- 
ing the data in the memory cell MC. 
[0290] In order to reduce noise in such a sense oper- 
ation, according to the embodiment, an adjusting resis- 
tor r having a resistance value 1/2 that of the intercon- 5 
nection resistance of the bit lines BLi and bBLi is con- 
nected between the P-channel MOS transistor QP1 and 
the magneto-resistance element Rref. According to the 
simplest method of forming the adjusting resistor r, an 
interconnection having a cross-sectional area equal to 10 
each of the bit lines BLi and bBLi and a length 1/2 that 
thereof by using the same interconnection layer as that 
for each of the bit lines BLi and bBLi. 
[0291] In this example, as shown in FIG. 17, the iso- 
late circuit (N-channel MOS transistor) 27 is connected 15 
between the sense amplifier 24 and the pair of bit lines 
BLi and bBLi. In the bias voltage generating circuit 21 
as well, therefore, a P-channel MOS transistor PQ14 
identical to the N-channel MOS transistor of the isolate 
circuit 27 is connected between the P-channel MOS 20 
transistor (step-down transistor) QP1 an the resistive el- 
ement r. 

[0292] If no row access is made, i.e., the read word 
lines RWL1, RWL2,... are not selected, and a current is 
supplied to the bias current generating circuit, the cur- 
rent is wasted. This interferes with a reduction in current 
consumption. 

[0293] For this reason, a bias enable signal BIASEN 
is set at "IT level (e.g., a potential equal to the potential 
to be applied to the selected read word line) only for a 
period during which row access is made, and is set at 
"L" level (e.g., the ground potential), for other periods. 
[0294] With this operation, an N-channel MOS tran- 
sistor QN3 is kept on for only a period during which row 
access is made. This makes it possible to prevent a cur- 
rent from being wasted in the bias generating circuit, 
contributing to a reduction in current consumption. 
[0295] FIG. 19 shows an example of the sense ampli- 
fier in FIG. 17. 

[0296] This sense amplifier 24 is a flip-flop sense am- 
plifier often used for a DRAM. The sense amplifier 24 is 
comprised of two CMOS inverters driven by SAP (e.g., 
an internal power supply potential Vdd) and SAN (e.g., 
a ground potential Vss). 

[0297] The sense amplifier 24 senses and amplifies 
the potential difference between the bit lines BLi and bB- 
Li. That is, the data in the selected memory cell MC is 
sensed by the sense amplifier 24 first, and then trans- 
ferred to a pair of data lines (a pair of DQ lines) DQ and 
bDQ. 

[0298] Note that selection of a column, i.e., electric 
connection between the sense amplifier 24 and the pair 
of data lines DQ and bDQ is performed by ON/OFF-con- 
trolling a column select switch 28 using a column select 
signal CSL. 

[0299] A sense operation in a read operation in the 
magnetic random access memory shown in FIGS. 17 to 
19 will be described next with reference to the timing 



chart of FIG. 20. 

[0300] For the sake of simplicity, assume that in the 
following description, the read word line RWL1 is select- 
ed, and the data in the memory cell MC is read out to 
the bit line BL1. 

[0301] First of all, the pair of bit lines BLi and bBLi are 
precharged before sense operation. In precharge oper- 
ation, a precharge signal PC is set at "L" level (e.g., the 
ground potential), and hence all the pairs of bit lines BLi 
and bBLi are precharged to VPC. 
[0302] At this time, a control signal ISO is set at "H" 
level (e.g., the internal power supply potential Vdd), and 
the pair of bit lines BLi and bBLi and the sense amplifier 
24 are electrically connected to each other. The sense 
amplifier nodes Ni and bNi are therefore precharged to 
VPC as well. The sense amplifier activation signals SAP 
and SAN are also precharged to VPC. 
[0303] When the precharge signal PC is set at "H" lev- 
el (e.g., the internal power supply potential) afterward, 
the precharged states of the pair of bit lines BLi and bBLi 
are canceled. 

[0304] When the read word line enable signal RWLEN 
is set at "H" level, the read word line RWL1 is set at "H" 
level by the read word line driver. In addition, in this ex- 
ample, the dummy read word line DRWL2 is set at "IT 
level at the same time when the read word line RWL1 
is set at "H" level. 

[0305] At the same time, the N-channel MOS transis- 
tor QN4 in FIG. 17 is turned on. As a consequence, the 
bias potential Vbias output from the bias voltage gener- 
ating circuit 21 is transferred to the P-channel MOS tran- 
sistor QP2, and the sense current Is flows in all the pairs 
of bit lines BL1 , bBL1 , BL2, bBL2,... by a current mirror. 
[0306] If, therefore, the data stored in the selected 
memory cell MC or dummy cell DUMMY is "0", the po- 
tential of the bit line BL1 is kept at the precharge poten- 
tial VPC or slightly raised from the precharge potential 
VPC, as shown in FIG. 20. If the data stored in the se- 
lected memory cell MC or dummy cell DUMMY is "1", 
the potential of the bit line BL1 greatly rises from the 
precharge potential VPC. 

[0307] Note that the dummy cells DUMMY are prefer- 
ably arranged at the middle portions of the bit lines BL1, 
bBL1, BL2, bBL2,... to equalize noise due to the inter- 
connection resistances (or potential drops) of the bit 
lines BL1 , bBL1 , BL2, bBL2,.... 

[0308] In this example, since the read word line RWL1 
and dummy read word line DRWL2 are selected, the po- 
tentials of the bit lines BL1, BL2,... change in accord- 
ance with the data stored in the memory cell MC, and 
the potentials of the bit lines bBL1, bBL2,... change to 
in accordance with the data stored in the dummy cell 
DUMMY. 

[0309] In this case, "0"-data is stored in the dummy 
cell DUMMY connected to the bit line bBL1 , and "1"-data 
is stored in the dummy cell DUMMY connected to the 
bit line bBL2. 

[0310] After the potential of each of the bit lines BL1 , 
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bBL1, BL2, bBL2,... sufficiently changes in accordance 
with the data stored in the memory cell MC or dummy 
cell DUMMY, the potential of the read word line enable 
signal RWLEN changes from "H M level to "L" level, and 
the potentials of the read word line RWL1 and dummy 
read word line DRWL2 also change from "H" level to n L n 
level. 

[031 1] As a result, the sense current Is flowing in each 
of the bit lines BL1 . bBL1 , BL2, bBL2,... stops, and each 
of the bit lines BL1 , bBL1 , BL2, bBL2 f ... is set in a float- 
ing state while holding a value corresponding to the data 
stored in the memory cell MC or dummy cell DUMMY. 
[0312] The control signal ISO is then changed to "L" 
level to electrically disconnect the bit lines BL1, bBL1, 
BL2, bBL2,... from the sense amplifier nodes N1, b!M1, 
N2, bN2 

[0313] In addition, the control signal EQL1 is set at 
"H" level to turn on the P-channel MOS transistor QP11 
in the equalize circuit 26, thereby short-circuiting the bit 
lines bBL1 and bBL2 to which the data in the selected 
dummy cell DUMMY is output; As a consequence, 
charge is shared between the two bit lines bBL1 and 
bBL2, and both the potentials of the bit lines bBL1 and 
bBL2 become an optimal intermediate potential (= (V0 
+ V1)/2) as the reference potential Vref. 
[0314] More specifically, the n 0 n -data stored in the 
dummy cell DUMMY is output to the sense amplifier 
node bN1 to set the bit line at V0 and the "1"-data stored 
in the dummy cell DUMMY is output to the sense ampli- 
fier node bN2 to set the bit line at V1. By setting the 
control signal EQL1 at "H" level, therefore, both the po- 
tentials of the sense amplifier nodes bN1 and bN2 are 
set at an intermediate potential (= (V0 + V1)/2). 
[0315] Charge sharing operation is performed by the 
equalize circuit 26 while the sense current Is flowing in 
the bit lines BL1, bBL1, BL2, bBL2,... is interrupted, the 
sense amplifier nodes N1, bN1, N2, bN2,... are set in a 
floating state, and the sense amplifier nodes N1, bN1, 
N2, bN2,... are electrically disconnected from the bit 
lines BL1, bBL1 f BL2, bBL2,.... 

[0316] That is, a charge sharing operation by the 
equalize circuit 26 is performed while data are trapped 
in the sense amplifier nodes N1, bN1, N2, bN2,.... 
Therefore, the generated reference potential Vref does 
not vary regardless of the equalization timing. 
[0317] In addition, since equalization is performed 
while the sense amplifier nodes N1 , bN 1 , N2, bN2,... are 
electrically disconnected from the bit lines BL1, bBL1, 
BL2, bBL2 f ...., the intermediate potential Vref can be 
generated at high speed. 

[031 8] In this case, the precharge circuit 23 is located 
closer to the bit lines BLi and bBLi than the isolate circuit 
23. For this reason, the bit lines BLi and bBLi may be 
precharged immediately after the control signal ISO is 
set at "L" level, and the sense amplifier nodes Ni and 
bNi are disconnected from the bit lines BLi and bBLi. 
[0319] When equalization is sufficiently performed 
and the reference potential Vref is generated at the 



sense amplifier nodes bN1, bN2,..., the sense amplifier 
activation signal SAP is set at "H" level (e.g., the internal 
power supply potential Vdd), and the sense amplifier ac- 
tivation signal SAN is set at "L" level (e.g., the ground 

5 potential Vss). The sense amplifier 24 is then operated. 
[0320] Atthis time, since the sense amplifier nodes Ni 
and bNi are electrically disconnected from the bit lines 
BLi and bBLi, the sense amplifier (S/A) 24 can quickly 
amplify and latch the potential difference between the 

10 sense amplifier nodes Ni and bNi. 

[0321] When the column select signal CSL is set at 
"H" level after the data is latched by the sense amplifier 
24, the data latched in the sense amplifier 24 is trans- 
ferred to the output circuit through the pair of data lines 

15 (the pair of DQ lines) DQ and bDQ. 

[0322] Finally, the control signal ISO is set at "IT level 
again to electrically connect the sense amplifier nodes 
Ni and bNi to the pair of bit lines BLi and bBLi to pre- 
charge the sense amplifier nodes Ni and bNi to VPC, 

20 thereby preparing for the next read cycle. 

[0323] In the above sense operation, restore opera- 
tion like that performed in a DRAM is not performed for 
the following reason. Since a magnetic random access 
memory (MRAM) is capable of a nondestructive data 

25 read, the data need not be rewritten in the memory cell. 
Therefore, the potentials of the pair of bit lines BL1 and 
bBL1 need not to go full swing for data restore operation. 
[0324] In addition, since the potentials of the pair of 
bit lines BL1 and bBL1 need not go full swing after data 

30 sensing, the amount of charge required for charging/dis- 
charging of the pair of bit lines BL1 andbBLI decreases, 
contributing to a reduction in power consumption. In ad- 
dition, since this can prevent a high voltage from being 
applied to a magneto-resistance element (TMR ele- 

35 ment), the reliability of the magneto-resistance element 
can be improved. 

[0325] Furthermore, since no restore operation is re- 
quired, after the data in the memory cell MC is sufficient- 
ly output to the bit line BL1 , the potentials of the selected 
40 read word line RWL1 and selected dummy read word 
line DRWL2 can be quickly dropped from "IT level to "L" 
level. 

[0326] That is, since the potential level of the read 
word line RWL1 and dummy read word line DRWL2 

45 need not be raised for a data restore operation. When 
the potential level of the read word line RWL1 and dum- 
my read word line DRWL2 is lowered, the P-channel 
MOS transistor comprising the current source turns off 
and stops the sense current Is flowing in the bit line BL1 

50 immediately after the data is output to the bit line BL1. 
This makes it possible to eliminate power wastage and 
attain a reduction in power consumption. 
[0327] Since the potential difference between the 
sense amplifier nodes Ni and bNi is amplified by the 

55 sense amplifier 24 after the sense amplifier nodes Ni 
and bNi are electrically disconnected from the bit lines 
BLi and bBLi by the isolate circuit 27, high-speed data 
read operation can be realized. 
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[0328] As described above, in a magnetic random ac- 
cess memory (MRAM), since an nondestructive read 
operation is performed, no restore operation is required, 
and the potentials of a pair of bit lines need not go full 
swing. The bit lines and the sense amplifiers can be pre- 
charged independently. Therefore, as for the read oper- 
ation, the magnetic random access memory can realize 
high-speed random access with low power consumption 
as compared with the DRAM. 

[Third Example] 

[0329] A characteristic feature of a magnetic random 
access memory (MRAM) according to this example is 
that a memory cell is comprised of a magneto-resist- 
ance element (e.g., a TMR element) and a diode. 
[0330] FIG. 21 shows the main part of a magnetic ran- 
dom access memory according to the third example of 
the second embodiment. 

[0331] A memory cell MC is comprised of one mag- 
neto-resistive element 11 and one diode 13. Write word 
lines WWL1, WWL2,... and read word lines RWL1, 
RWL2,... extend in the row direction, and bit lines BL1, 
bBL1, BL2, bBL2,... extend in the column direction. 
[0332] The write word lines WWL1 , WWL2,... have no 
nodes on the memory cell array and are arranged to run 
near the magneto-resistive elements 11. That is, in a 
write operation, the magnetization directions (parallel, 
anti-parallel) of the magneto-resistive elements 11 are 
changed by using the magnetic fields generated by cur- 
rents flowing in the write word lines WWL1, WWL2,... 
and bit lines BL1, bBL1, BL2, bBL2,.... 
[0333] The read word lines RWL1, RWL2,... are con- 
nected to the cathodes of the diodes 13 as elements of 
memory cells MC. In read operation, the diode 13 of the 
selected memory cell MC is forward-biased to supply a 
constant current to the magneto-resistive element 11 of 
the selected memory cell MC, and the potentials of the 
bit lines BL1, bBL1, BL2, bBL2,... are changed in ac- 
cordance with the state of the magneto-resistive ele- 
ment 1 1 . 

[0334] In the third example, specific memory cells in 
a memory cell array are used as dummy cells to gener- 
ate a reference potential Vref. For example, a specific 
one of a plurality of memory cells connected to one bit 
line is used as a dummy cell DUMMY. 
[0335] Like the memory cell MC, a dummy ceil DUM- 
MY is comprised of one magneto-resistive element 11 
and one diode 13. Dummy write word lines DWWL1, 
DWWL2,... and dummy read word lines DRWL1, 
DRWL2,... extend in the row direction. The bit lines BL1 , 
bBL1, BL2, bBL2,... are commonly connected to mem- 
ory cells MC and dummy cells DUMMY. 
[0336] The dummy write word lines DWWL1, 
DWWL2, ... have no nodes on the memory cell array and 
are arranged to run near the magneto-resistive ele- 
ments 11 in the dummy cells DUMMY. That is, in a write 
operation, the magnetization directions (parallel, anti- 



parallel) of the magneto-resistive elements 11 in the 
dummy cells DUMMY are changed by using the mag- 
netic fields generated by currents flowing in the dummy 
write word lines DWWL1, DWWL2,... and bit lines BL1, 

5 bBL1, BL2, bBL2 

[0337] The dummy read word lines DRWL1, 
DRWL2,... are connected to the cathodes of the diodes 
13 as elements of memory cells MC. In read operation, 
the diode 13 of the selected dummy cell DUMMY is for- 

10 ward-biased to supply a constant current to the magne- 
to-resistive element 11 ofthe selected dummy cell DUM- 
MY, and the potentials ofthe bit lines BL1, bBL1, BL2, 
bBL2 t ... are changed in accordance with the state ofthe 
magneto-resistive element 11. 

15 [0338] In this example, with regard to one (BLi) of 
each pair of bit lines BLi and bBLi, n 0"-data are stored 
in the dummy cells DUMMY connected to odd-num- 
bered bit lines BL1, BL3,..., and "1"-data are stored in 
the dummy cells DUMMY connected to the even-num- 

20 bered bit lines BL2, BL4,.... 

[0339] The odd-numbered bit lines BL1, BL3,... and 
even-numbered bit lines BL2, BL4,... are connected to 
each other through equalize circuits (short-circuiting N- 
channel MOS transistors) 26. More specifically, the bit 

25 lines BL1 and BL2 are connected to each other through 
a short-circuiting N-channel MOS transistor QN 10. Like- 
wise, the bit lines BL3 and BL4 are connected to each 
other through the short-circuiting N-channel MOS tran- 
sistor QN 10. 

30 [0340] The short-circuiting N-channel MOS transistor 
QN10 is controlled by a control signal EQL0. 
[0341] With regard to other bit line (bBLi) of each pair 
of BLi and bBLi, "0 n -data are stored in the dummy cells 
DUMMY connected to the odd-numbered bit lines bBL1 , 

35 bBL3 f ..., and "1"-data are stored in the dummy cells 
DUMMY connected to the even-numbered bit lines 
bBL2, bBL4 

[0342] The odd-numbered bit lines bBL1 , bBL3,... and 
even-numbered bit lines bBL2, bBL4,... are connected 

40 to each other through the equalize circuits (short- 
circuiting N-channel MOS transistors) 26. More specifi- 
cally, the bit lines bBL1 and bBL2 are connected to each 
other through a short-circuiting P-channel MOS transis- 
tor QP11. Likewise, the bit lines bBL3 and bBL4 are con- 

45 nected to each other through the P-channel MOS tran- 
sistor QP11. 

[0343] The short-circuiting P-channel MOS transistor 
QP11 is ON/OFF-controlled by a control signal EQL1. 
[0344] Note that the relationship between the data 

so stored in dummy cells DUMMY and the bit lines short- 
circuited to each other is not limited to the above rela- 
tionship, and can be variously changed. 
[0345] It is important that the bit lines BLi or bit lines 
bBLi be short-circuited to each other, and half of 2 x n 

55 (n is a natural number) dummy cells DUMMY connected 
to 2 X n bit lines that are short-circuited store "0 M -data, 
and the remaining cells store "1 w -data. 
[0346] A precharge circuit 23 serves to precharge all 
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the bit lines BLi and bBLi to a precharge potential VPC 
in a standby state. The level of the precharge potential 
VPC sets a predetermined value. However in this case, 
the diode of non-selected cell cant turn on in the read 
operation. 

[0347] The value of the precharge potential VPC is 
determined in consideration of the breakdown voltage 
of a magneto-resistance element, the bias dependence 
of a magnetic resistance change ratio MR, the ON re- 
sistance of a MOS transistor, and the like so as to output 
a signal with the maximum level within a reliability range. 
[0348] Only one sense amplifier (S/A) 24 is provided 
for one pair of bit lines BLi and bBLi (i = 1, 2,...). 
[0349] In this example, the sense amplifier 24 is 
based on the differential sense scheme of supplying a 
constant current Is to the memory cell MC and detecting 
the potential difference produced between the pair of bit 
lines BLi and bBLi. In addition, the memory cell array 
uses the folded bit line scheme. 

[0350] The memory cell array arrangement shown in 
FIG. 21 is an example. Obviously, the present invention 
can be magnetic random access memories having other 
memory cell array arrangements. 
[0351] The sense amplifier 24 compares the potential 
of one of the pair of bit lines BLi and bBLi to which the 
selected memory cell MC is connected with the potential 
of the other of the pair of bit lines BLi and bBLi (reference 
potential Vref), and amplifies the difference. 
[0352] in a read operation, a read word line enable 
signal RWLEN is set at "H" level. At this time, an N-chan- 
nel MOS transistor QN4 is turned on, and an NMOS 
transistor QN5 is turned off. An output signal Vbias from 
the bias voltage generating circuit 21 is therefore trans- 
ferred to the gate of a P-channel MOS transistor QP2. 
[0353] The sense current Is flows in all the bit lines 

BL1, bBL1, bBL1, BL2, bBL2 and the potentials of 

the bit lines BL1, bBL1, bBL1, BL2, bBL2,... change in 
accordance with the data in the selected memory cell 
MC or the data in the selected dummy cell DUMMY. 
[0354] Note that since the potentials of the bit lines to 
which the dummy cells DUMMY are connected are 
equalized by an equalize circuit 26, Vref (= (V0 + V1)/2) 
is obtained. 

[0355] FIG. 22 shows an example of the bias voltage 
generating circuit in FIG. 21. 

[0356] As a magneto-resistance element R and diode 
14, elements having the same layouts and sizes as 
those of the magneto-resistive element 11 and diode 13 
in the memory cell MC or dummy cell DUMMY are used. 
[0357] In the second embodiment, it is most prefera- 
ble that the magneto-resistance element R be identical 
to, for example, the magneto-resistive element 11 in the 
memory cell MC. However, the precision of the output 
signal Vbias from the bias voltage generating circuit 21 
is not very significant, the magneto-resistance element 
may be replaced with another element. 
[0358] The size of a P-channel MOS transistor QP1 
having a gate to which the output signal Vbias from a 



differential amplifier 25 is input is substantially equal to 
that of the P-channel MOS transistor QP2 and a P-chan- 
nel MOS transistor bQP2 of a sense current source 22 
and an N-channel MOS transistor 12 of the memory cell 
MC. 

[0359] The P-channel MOS transistor QP1 in the bias 
voltage generating circuit and the P-channel MOS tran- 
sistors QP2 and bQP2 of the sense current source 22 
constitute a current mirror circuit. 
[0360] In a read operation, the sense current Is flows 
in the magneto-resistance element R in the bias voltage 
generating circuit 21 and also flows in one of the pair of 

bit lines BLi and bBLi (i = 1, 2 ) At this time, since 

interconnection resistances exist in the bit lines BLi and 
bBLi, the potentials of the bit lines drop. As a conse- 
quence, the potential differences among sense amplifier 
nodes N1, bN1, N2, bN2,... change depending on the 
position of the selected memory cell MC. 
[0361] If, for example, access is made to the memory 
cell MC nearest to the sense amplifier (S/A) 24; the in- 
fluences of the interconnection resistances of the bit 
lines BLi and bBLi are minimized. If access is made to 
the memory cell MC located farthest from the sense am- 
plifier (S/A) 24, the influence of the interconnection re- 
sistances of the bit lines BLi and bBLi is maximized. 
[0362] Theposrtionofaselectedmemorycell,i.e.,the 
potential differences among the sense amplifier nodes 
N1, bN1, N2, bN2,... due to the interconnection resist- 
ances of the bit lines BLi and bBLi become noise in sens- 
ing the data in the memory cell MC. 
[0363] in order to reduce noise in such sense opera- 
tion, according to the embodiment, as shown in FIG. 22, 
an adjusting resistor r having a resistance value 1/2 that 
of the interconnection resistance of the bit lines BLi and 
bBLi is connected between the P-channel MOS transis- 
tor QP1 and the magneto-resistance element Rref. The 
simplest method of forming the adjusting resistor r is to 
form an interconnection having a cross-sectional area 
equal to each of the bit lines BLi and bBLi and a length 
1/2 that thereof by using the same interconnection layer 
as that for each of the bit lines BLi and bBLi. 
[0364] If no row access is made, i.e., the read word 
lines RWL1, RWL2,... are not selected, and a current is 
supplied to the bias current generating circuit 21, the 
current is wasted. This interferes with a reduction in cur- 
rent consumption. 

[0365] For this reason, a bias enable signal BIASEN 
is set at "H" level (e.g., a potential equal to the potential 
to be applied to the selected read word line) only for a 
period during which row access is made, and is set at 
"L" level (e.g., the ground potential) for other periods. 
[0366] With this operation, an N-channel MOS tran- 
sistor QN3 is kept on for only a period during which row 
access is made. This makes it possible to prevent a cur- 
rent from being wasted in the bias generating circuit, 
contributing to a reduction in current consumption. 
[0367] A potential VWLL (an n L n -level potential to be 
applied to a read word line and dummy read word line) 
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is applied to the source of the N-channel MOS transistor 
QN3. The N-channel MOS transistor QN3 has the same 
layout and size as those of a MOS transistor for applying 
the potential VWLL to a read word line RWLI and dummy 
read word line DRWLL 5 
[0368] Like a resistor r approximating the intercon- 
nection resistance of a bit line, a resistor r approximating 
the interconnection resistance of a word line may be 
connected between the P-channel MOS transistor QP1 
and the N-channel MOS transistor QN3. 10 
[0369] A sense operation in a read operation in the 
magnetic random access memory shown in FIGS. 21 
and 22 will be described next with reference to the timing 
chart of FIG. 23. 

[0370] For the sake of simplicity, assume that in the t5 
following description, the read word line RWL1 is select- 
ed, and the data in the memory cell MC is read out to 
the bit line BL1. 

[0371] First of all, the bit lines BLi and bBLi are pre- 
charged before sense operation. In a precharge opera- 20 
tion, the precharge signal PC is set at "L" level (e.g., the 
ground potential), and hence all the pairs of bit lines BLi 
and bBLi are precharged to VPC. 
[0372] At this time, the read word line RWL1 and dum- 
my read word line DRWL2 are set at n H" level, i.e., a 25 
potential VWLH. Since the potential VWLH is higher 
than the potential Vref, the diodes 13 in the memory cell 
MC and dummy cell DUMMY are reverse-biased. Ide- 
ally, therefore, no current flows in the memory cell MC 
and dummy cell DUMMY. 

[0373] When the precharge signal PC is set at "H" lev- 
el (e.g., the internal power supply potential) afterward, 
the precharged states of the pair of bit lines BLi and bBLi 
are canceled. 

[0374] When a read word line enable signal RWLEN 35 
is set at "H" level, the selected read word line RWL1 and 
selected dummy read word line DRWL2 are changed 
from "IT level to n L" level, i.e., from VWLH to VWLL, by 
the read word line driver. 

[0375] As a consequence, the diode 1 3 in the memory 40 
cell MC connected to the selected read word line RWL1 
and the diode 13 in the dummy cell DUMMY connected 
to the selected dummy read word line DRWL2 are for- * 
ward-biased. 

[0376] If the potential VWLH is higher than the bit line 45 
potential at the time of "1"-read operation, the diode 13 
in the unselected memory cell MC or unselected dummy 
cell DUMMY is kept reverse-biased. Hence, no current 
flows in the memory cell MC and dummy cell DUMMY 
[0377] At the same time, the N-channel MOS transis- so 
tor QN4 in FIG. 21 is turned on. As a consequence, the 
bias potential Vbias output from the bias voltage gener- 
ating circuit 21 is transferred to the P-channel MOS tran- 
sistor QP2, and the sense current Is flows in all the pairs 
of bit lines BL1 , bBL1 , BL2, bBL2,... by a current mirror. 55 
[0378] If, therefore, the data stored in the selected 
memory cell MC or dummy cell DUMMY is "0", the po- 
tential of the bit line BL1 is kept at the precharge poten- 



tial VPC or slightly raised from the precharge potential 
VPC, as shown in FIG. 23. If the data stored in the se- 
lected memory cell MC or dummy cell DUMMY is "1", 
the potential of the bit line BL1 greatly rises from the 
precharge potential VPC. 

[0379] Note that the dummy cells DUMMY are prefer- 
ably arranged at the middle portions of the bit lines BL1, 
bBL1, BL2, bBL2,... to equalize noise due to the inter- 
connection resistances (or potential drops) of the bit 
lines BL1, bBL1, BL2, bBL2,.... 

[0380] In this example, since the read word line RWL1 
and dummy read word line DRWL2 are selected, the po- 
tentials of the bit lines BL1, BL2,... change in accord- 
ance with the data stored in the memory cell MC, and 
the potentials of the bit lines bBL1, bBL2,... change to 
in accordance with the data stored in the dummy cell 
DUMMY. 

[0381] In this case, "CT-data is stored in the dummy 
cell DUMMY connected to the bit line bBL1 , and "1 "-data 
is stored in the dummy cell DUMMY connected to the 
bit line bBL2. 

[0382] After the potential of each of the bit lines BL1 , 
bBL1, BL2, bBL2,... sufficiently changes in accordance 
with the data stored in the memory cell MC or dummy 
cell DUMMY, the potential of the read word line enable 
signal RWLEN changes from "H" level to "L" level, and 
the potentials of the read word line RWL1 and dummy 
read word line DRWL2 also change from VWLL to 
VWLH. 

[0383] As a result, the sense current Is flowing in each 
of the bit lines BL1 , bBL1 , BL2, bBL2,... stops, and each 
of the bit lines BL1 , bBL1, BL2, bBL2,... is set in a float- 
ing state while holding a value corresponding to the data 
stored in the memory cell MC or dummy cell DUMMY. 
[0384] The control signal EQL1 is then set at "H" level 
to turn on the P-channel MOS transistor QP11 in the 
equalize circuit 26, thereby short-circuiting the bit lines 
bBL1 and bBL2 to which the data in the selected dummy 
cell DUMMY is output. As a consequence, charge is 
shared between the two bit lines bBL1 and bBL2, and 
both the potentials of the bit lines bBL1 and bBL2 be- 
come an optimal intermediate potential (= (V0 + V1)/2) 
as a reference potential. 

[0385] More specifically, the "0"-data stored in the 
dummy cell DUMMY is output to the bit line bBL1 to set 
the bit line at V0 and the "1 H -data stored in the dummy 
cell DUMMY is output to the bit line bBL2 to set the bit 
line at V1 . By setting the control signal EQL1 at "H" level, 
therefore, both the potentials of the bit lines bBL1 and 
bBL2 are set at an intermediate potential (= (V0 + V1 )/2). 
[0386] Charge sharing operation is performed by the 
equalize circuit 26 while the sense current Is flowing in 
the bit lines BL1 , bBL1 , BL2, bBL2,... is interrupted, and 
the bit lines BL1 , bBL1 , BL2, bBL2,... are set in a floating 
state to trap the data in the bit lines BL1, bBL1, BL2, 

bBL2 Therefore, the reference potential Vref to be 

generated does not vary regardless of the equalizing 
timing. 
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[0387] After the reference potential Vref is generated 
at each of the bit lines bBL1, bBL2,..., the potential dif- 
ference between the pair of bit lines BL1 and bBL1 can 
be transferred as the difference between currents flow- 
ing in the pair of data lines (the pair of DQ lines) DQ and 
bDQ through the sense amplifiers 24 by setting a col- 
umn select signal CSL at W H" level. 
[0388] When sense amplifiers based on the direct 
sense scheme are to be used, a circuit for directly sens- 
ing the current difference between the pair of data lines 
DQ and bDQ or a circuit for converting this current dif- 
ference into a potential difference again and sensing a 
voltage must be connected to the pair of data lines DQ 
and bDQ. 

[0389] Finally, the precharge signal PC is set at "L" 
level again to set all the bit lines BL1, bBL1, BL2, 
bBL2,... to the precharge potential VPC to prepare for 
the next read cycle. 

[0390] In the above sense operation, restore opera- 
tion like that performed in a DRAM is not performed for 
the following reason. Since a magnetic random access 
memory (MRAM) is capable of a nondestructive data 
read, the data need not be rewritten in the memory cell. 
Therefore, the potentials of the pair of bit lines BL1 and 
bBL1 need not to go full swing for data restore operation. 
[0391] In addition, since the potentials of the pair of 
bit lines BL1 and bBL1 need not go full swing after data 
sensing, the amount of charge required for charging/dis- 
charging of the pair of bit lines BL1 and bBL1 decreases, 
contributing to a reduction in power consumption. In ad- 
dition, since this can prevent a high voltage from being 
applied to a magneto-resistance element (TMR ele- 
ment), the reliability of the magneto-resistance element 
can be improved. 

[0392] Furthermore, since no restore operation is re- 
quired, after the data in the memory cell MC is sufficient- 
ly output to the bit line BL1 , the potentials of the selected 
read word line RWL1 and selected dummy read word 
line DRWL2 can be quickly dropped from "H" level to 
level. 

[0393] That is, since the potential level of the read 
word line RWL1 and dummy read word line DRWL2 
need not be raised for data restore operation, the po- 
tential level of the read word line RWL1 and dummy read 
word line DRWL2 can be lowered to stop the sense cur- 
rent Is flowing in the bit line BL1 immediately after the 
data is output to the bit line BL1 . This makes it possible 
to eliminate the waste of power and attain a reduction 
in power consumption. 

[0394] As described above, in magnetic random ac- 
cess memory (MRAM), since nondestructive read oper- 
ation is performed, no restore operation is required, and 
the potentials of a pair of bit lines need not go full swing. 
The bit lines and the sense amplifiers can be precharged 
independently. Therefore, as for read operation, the 
magnetic random access memory can realize high- 
speed random access with low power consumption as 
compared with the DRAM. 



[Summary] 

[0395] According to the second embodiment, the in- 
termediate potential (V0 + V1)/2 most suitable for the 

5 reference potential Vref is obtained by supplying sense 
currents to memory cells respectively storing "CT-data 
and "1"-data, which are specific memory cells (dummy 
cells) in a memory cell array, and synthesizing the re- 
sultant potentials V0 and V1 . 

id [0396] A sense operation can therefore be accurately 
performed, contributing to an improvement in reliability. 
In addition, a read operation can be performed in the 
same manner as a DRAM. If, therefore, an MRAM is to 
be developed as a substitute for a DRAM, compatibility 

15 with the DRAM can be improved. 

Claims 

20 1 . A magnetic random access memory comprising: 

a memory cell (MC) including a magneto-resist- 
ance element (11) constituted by magnetic lay- 
ers isolated from each other by an insulating 
25 layer and having two resistance values corre- 

sponding to magnetization states of said mag- 
netic layers; 

a bit line (BL1) connected to said memory cell; 
a sense current source (22) for supplying a 
30 sense current to said bit line (BL1) and said 

memory cell (MC); and 

a sense amplifier (24) for comparing a potential 
of said bit line (BL1) with a reference potential 
when the sense current flows in said bit line 
35 (BL1) and said memory cell (MC), and sensing 

data in said memory cell (MC), 

characterized by comprising 

40 a bias voltage generating circuit (21) having a 

reference cell (Rref) for generating the refer- 
ence potential, said reference cell (Rref) having 
a resistance value of a substantially center of 
the two resistance values of said magneto-re- 

45 sistance element. 

2. The memory according to claim 1 , characterized 
in that said sense current source (22) comprises a 
first MOS transistor (QP2), and said bias voltage 

50 generating circuit (21) comprises a second MOS 
transistor (QP1) having a gate connected to a gate 
of said first MOS transistor (QP2), and said refer- 
ence cell (Rref) connected in series with said sec- 
ond MOS transistor (QP1). 

55 

3. The memory according to claim 1 or 2, 
characterized in that said reference cell (Rref) 
comprises elements each having the same struc- 
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ture as that of said magneto-resistance element. 

4. The memory according to claim 1 or 2, 
characterized in that said reference cell (Ref) 
comprises a first element constituted by two paral- 
lel-connected magneto-resistance elements whose 
magnetization directions are parallel, and a second 
element constituted by two parallel-connected 
magneto-resistance elements whose magnetiza- 
tion directions are anti-parallel, said first and sec- 
ond elements being connected in series. 

5. The memory according to claim 1 or 2, 
characterized in that said memory cell (MC) com- 
prises a first switch element (12) for cutting off the 
sense current, and said bias voltage generating cir- 
cuit (21) comprises a second switch element (QN3) 
for cutting ofF a constant current flowing in said ref- 
erence cell (Rref), said first and second switch ele- 
ments (12, QN3) having the same structure. 

6. The memory according to claim 5, characterized 
in that said first and second switch elements (12, 
QN3) respectively comprise MOS transistors ON/ 
OFF-controlled by gate potentials. 

7. The memory according to claim 5, characterized 
in that said first and second switch elements (12, 
QN3) respectively comprise diodes ON/OFF-con- 
trolled by cathode potentials. 

8. The memory according to claim 5, characterized 
in that a current value of the constant current sets 
a value equal to a current value of the sense current. 

9. The memory according to claim 5, characterized 
in that said reference cell (Rref) has a first end and 
a second end, a potential of said first end being 
equal to the reference potential. 

10. The memory according to claim 5, characterized 
by further comprising an adjusting resistor (r) hav- 
ing first and second ends, said first end being con- 
nected to said reference cell (Rref), said second 
end having a potential equal to the reference poten- 
tial, and said adjusting resistor having a resistance 
value substantially half that of said bit line (BL1). 

11. The memory according to claim 1 or 2, 
characterized by further comprising a precharge 
circuit (23) for setting said bit line (BL1) at a pre- 
charge potential equal to the reference potential. 

12. A magnetic random access memory comprising: 

first and second memory cells (MC) including a 
magneto-resistance element (11) constituted 
by magnetic layers isolated from each other by 



an insulating layer and having two resistance 
values corresponding to magnetization states 
of said magnetic layers; 
a first bit line pair (BL1 , bBL1) having first and 
5 second bit lines; 

a second bit line pair (BL2, bBL2) having third 
and fourth bit lines; 

a first sense amplifier (24) corresponding to 
said first bit line pair (BL1, bBL1); 
10 a second sense amplifier (24) corresponding to 

said second bit line pair (BL2, bBL2); and 
a sense current source (22) for supplying a 
sense current to said first and second bit line 
pairs (BL1, bBL1, BL2, bBL2), 

15 

characterized by comprising 

an equalize circuit (26) for short-circuiting said 
second bit line (bBL1) and said fourth bit line 
20 (bBL2) when data in said first memory cell (MC) 

is read out to said first bit line (BL1), and data 
in said second memory cell (MC) is read out to 
sap third bit line (BL2); 

a first dummy cell (DUMMY) connected to said 
25 second bit line; and 

a second dummy cell (DUMMY) connected to 
said fourth bit line, 

wherein a structure of said first and second 
30 dummy cells (DUMMY) is identical to a structure of 
said first and second memory cells (MC), said first 
dummy cell is formed by a magneto-resistance el- 
ement having the first resistance value, and said 
second dummy cell is formed by a magneto-resist- 
35 ance element having the second resistance value. 

13. The memory according to claim 12, 
characterized in that said equalize circuit (26) 
short-circuits said second bit line (bBL1 ) and said 

40 fourth bit line (bBL2) when the sense current flows 
in said first and second bit line pairs (BL1, bBL1, 
BL2, bBL2), and the resultant potential of said sec- 
ond and fourth bit lines (BL1, bBL1, BL2, bBL2) is 
set as a reference potential. 

45 

14. The memory according to claim 13, 
characterized in that said first sense amplifier (24) 
compares the data read out from said first memory 
cell (MC) to said first bit line (BL1) with the potential 

so of said second bit line (bBL1), and said second 
sense amplifier (24) compares the data read out 
from said second memory cell (MC) to said third bit 
line (BL2) with the potential of said fourth bit line 
(bBL2). 

55 

15. The memory according to claim 12, 
characterized by further comprising 
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an isolate circuit (27) connected between said 
first and second bit line pairs (BL1 , bBL1, BL2, 
bBL2) and said first and second sense amplifi- 
ers (24), 

wherein said isolate circuit (27) electrically 
disconnects said first and second bit line pairs (BL1 , 
bBL2 ? BL2, bBL2) from said first and second sense 
amplifiers (24) while said second bit line (bBL1) is 
short-circuited to said fourth bit line (bBL2). 

16. The memory according to claim 12, 
characterized by further comprising a bias voltage 
generating circuit (21) having a second switch ele- 
ment (QN3) for cutting off a constant current flowing 
in a reference cell (R), 

wherein said memory cell (MC) has a first 
switch element (12) for cutting off the sense current 
flowing in said magneto-resistance element, said 
first switch element having the same structure as 
that of said second switch element (12, QN3). 

17. The memory according to claim 16, 
characterized in said first and second switch ele- 
ments (12, QN3) respectively comprise MOS tran- 
sistors ON/OFF-controlled by gate potentials. 

18. The memory according to claim 16, 
characterized in that said first and second switch 
elements (12, QN3) respectively comprise diodes 30 
ON/OFF-controlled by cathode potentials. 

19. The memory according to claim 13, 
characterized by further comprising a precharge 
circuit (23) for setting said first, second, third, and 35 
fourth bit lines (BL1, bBL1, BL2, bBL2) at a pre- 
charge potential. 

20. The memory according to claim 19, 
characterized in that the precharge potential is *o 
equal to the reference potential. 

21. The memory according to claim 12, 
characterized in that said first bit line pair (BL1, 
bBL1) is adjacent to said second bit line pair (BL2, 45 
bBL2). 
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